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As with every other production, the 
railways production of haulage services 
demands contributions of different 
means of production (goods and serv- 
ices). The railway’s production requires 
therefore the existence partly of certain 
permanent structures, such as tracks, sta- 
tion premises, workshops, etc.; partly of 
certain rolling stock, that is to say loco- 
motives, cars, etc.; partly of certain staff 
for employment on stations and trains. 
These means of production requisite for 
production can be classified in the three 
following main groups : 


1. Operating staff ie. employees for 
staffing the various traffic establish- 
ments belonging to the railway, for the 
dispatching of passenger and goods traf- 
fic, for the assembling of trains, etc., as 
well as for crews on trains and for the 
safe conduct of trains on the track. 


2. Operating material ie. such articles 
of consumption of various kinds which 
are used by the employees in the carrying 
out of their tasks or which are necessary 
for the running of the trains. 


3. Permanent structures and rolling 
stock. As permanent structures are con- 


4 


sidered the track with all its appurten- 
ances, stations, engine-houses and other 
buildings, ete. The rolling stock includes 
locomotives and cars of various kinds. 
In order to be able to have these dif- 
ferent means of production at one’s dis- 
posal, the railway company must make 
payment with money. The starting and 
carrying out of the process of production 
entails therefore a series of disburse- 
ments, hereafter referred to as expenses, 
as it has not been considered necessary 
to distinguish here between the point of 
time, when the liabilities for payment 
arise and when the payment is made. 
Similarly, the railway company receives, 


when payment for the haulage services 


sold is made, a series of payments or 
receipts. 

These expenses and receipts are record- 
ed currently in the company’s accounts 
together with other economic transactions 
and also raw materials and articles of 
consumption spent, work and haulage 
services performed as shown in the 
operation statistics. For practical . rea- 
sons the recorded events are summed up 
periodically in the accounts and statistics, 
usually once a year (bookkeeping year). 

The series of expenses are of quite dif- 


ing the time it is in use. 


of the company ie. permanent, extra per- 
manent and aspirant staff as well as cer- 
tain other employees with permanent em- 


ployment, is made in the form of monthly 


salary during their time of employment. 
There is in addition for permanent and 
extra permanent employees, on leaving 
their employment at pension age, an old- 
age pension for the remaining part of the 


lifetime of the person concerned. Pay- 


ment is made per day to temporary em- 
ployees for the time that the person con- 
cerned is in the employment of the com- 
pany. 


These series of expenses, concerning 


the payment of the staff, form thus con- 


tinual series with certain amounts per 
month or day, which at least in the long 
run are quite closely allied with the size 
of the production during different pe- 
riods of time. 

In the question of operating material 
it is also true that these series of ex- 
penses are very continuous in time. The 
series also are closely allied with the size 
of the production during the Period of 
time concerned. ; 

As regards the permanent structures 
and the rolling stock, the series of ex- 
penses have partly another character. 
Here one has partly a number of points 
with perhaps 40-100 years’ interval with 
large expenses for the providing of the 
permanent structures and the rolling 
stock; partly a rather continuous series 
of disbursements for the maintenance of 
these structures or this rolling stock dur- 
As a rule it is 
true for these means of production that 


their series of disbursements are less clo-_ 


sely related to the size of the production 
than either of the other two main groups. 
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4, Expenses, connected only with pre= ge, 
vious production, consisting for example 
of pension payments to pensioned en 
ployees or expenses for posponed or ne- ts 
glected maintenance of structures or roll- 
ing stock. . ; 

The series of expenses required for the f ae 
carrying out of a certain production is 
called (real) investment. As the invest- e 
ment in our case is primarily occasioned 
by the series of receipts, which can be a 
expected on the sale of the haulage serv- 
ices, it is necessary for the complete char- 
acterization a0 they ey shel wie i ah 
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tion and investment for a longer period 
of time. What is primarily required 
here is an understanding for the expected 
development of the demand for the rail- 
way's haulage services under varying con- 
ditions. On this basis, plans can be 
made as to the best way of handling the 
potential haulage demands, as well as re- 
garding employment policy and the pur- 
suance of a far-sighted policy as regards 
the procuration of structures and rolling 
stock. Further, these plans allow an 
estimation to be made of the size and 
time factor of the potential future ex- 
penses and receipts of the undertaking. 
See part II: « Planning and calculation 
of expenses for a certain alternative » for 
a more detailed description of this plan- 
ning. 

The series of expenses and receipts ac- 
cording to the planning, consisting of 
expenses and receipts, falling due at vari- 
ous points of time in the future, are not 
altogether comparable. In order to be 
comparable they must be assigned to the 
same period of time, that is to say, the 
capital value must be estimated at a cer- 
tain point of time, usually that when the 
calculation is made, of all future expen- 
ses and receipts. The undertaking’s 
(subjective) capital value at the point of 
time of the calculation is obtained in the 
usual way as the sum of the values of all 
future net receipts, calculated as the dif- 
ference between receipts and expenses, 
and discounted at the rate of interest 
applicable to the undertaking. 


If the (subjective) capital value of the 
undertaking at the time of calculation ¢ 
is symbolized by C,, the rate of interest 
by i and the receipts and expenses over 
the period k by R, respectively Ex and 
if the undertaking is assumed to be (or 
the planning to include) n periods, the 
following formula is obtained for estima- 
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tion of the capital value previously men- 
tioned : 
C, ie n Re is 

k—1 (1 == a)K 

It should specially be pointed out here 
that the undertaking’s capital value as 
well as the expense and receipt series are 
determined with direct reference to a cer- 
tain production plan for the future. If 
alternative plans for the future exist at 
the point of time of the calculation, 
which is usually the case, as many (sub- 
jective) capital values for the undertak- 
ing can be estimated as there are alter- 
native plans. During the course of de- 
velopment from the point of time of the 
estimation, a successive revision of the 
various plans is generally made with re- 
gard to the development effected, and the 
revised capital value can therefore be cal- 
culated at these future points of time. 

The calculations required by the rail- 
way for its price and production and in- 
vestment policy, are intended to gauge 
what changes a certain potential measure 
may be expected to entail as regards the 
size and the time factor in the company’s 
future expenses and receipts series, as 
compared with what would have been the 
case, if the measure had not been taken. 
On the ground of these particulars it can 
then be calculated what effect the mea- 
sure in question can be expected to have 
on the capital value of the company, at 
the point of time of the estimation and if 
the measure in question can be consider- 
ed from the viewpoint of business eco- 
nomy as « profitable » or not. These cal- 
culations shall therefore hereafter be 
called profit calculations. It must be 
specially pointed out here, that every pro- 
fit calculation concerns the future. It is 
only the anticipated future expenses and 
receipts that are included in the calcula- 
tion. Events before the point of time of 
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the calculation can only indirectly be re- 
levant to the calculation, namely to the 
extent that they influence the company’s 
future expectations and its appraisal of 
the future. The past receipts as well as 
the past expenses for the procuring of 
structures still in use, or the value of these 
structures in the accounts at the calcula- 
tion moment are of no significance for 
the ‘calculation in question. On the 
other hand are the point of time and the 
size of the future expenses for the main- 
tenance of the permanent structures re- 
levant for the calculation. It can be said 
as a rule that the particulars recorded in 
the accounts regarding the company’s 
production and turnover, referring to 
past events, cannot be employed in the 
profit calculations, which instead are 
based on anticipated future expenses and 
receipts. 


A never-ceasing need exists for a ra- 
tional formation of price and production 
policy in the railway undertaking for the 
establishment of such profit calculations, 
which can provide answers as to the 
question of the business economic conse- 
quences to the company of the different 
proposed measures. The final decision 
as to these measures will, however, not 
always be made on the grounds of the 
economic consequences for the company, 
but regard to the economic consequences 
for the community must play a part in 
the decision. These decisions as to policy 
are facilitated to a very great extent, if 
the economic consequences to the com- 
pany of the alternatives in question have 
been made clear in advance. 


The question, which form the point of 
view of the economic policy of the rail- 
way, are probably the most important and 
concerning which profit calculations are 
primarily required, are comprised in the 
following : 
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1. How does a certain increase in traf- 
fic, occasioned by the lowering of tariffs 
or by other reasons, affect the company’s 
expense and receipt series ? 

It is then necessary to investigate how 
both these series are shaped, both with 
and without the increase in traffic in 
question, and the capital values for both 
these alternatives must be calculated. 


2. How does a certain decrease in traf- 
fic, occasioned by the raising of tariffs 
or by other causes, affect the company’s 
expense and receipt series ? 

In analogy with case 1, the capital va- 
lues for both the alternatives with the 
decrease in traffic and without the de- 
crease in traffic must be calculated. 


3. What effect does a change-over to 
another method of production, for exam- 
ple the electrification of a section of the 
line with steam-power or the transfer of 
less than carloads (L.C.L.) haulage from 
local trains to rail buses, have on the 
company’s expense and receipt series and 
thereby on the company’s capital value at 
the point of time of the calculation ? 

In addition to the cases mentioned, the 
railway naturally requires profit caleula- 
tions for a number of other contingencies 
as well, which can arise in the course of 
operation. The question, for example, 
can arise as to how the production shall 
be divided as to time; when the means of 
production shall be discarded; if traffic 
on a certain section of the line shall be 
discountinued wholly or partially; if cer- 
tain trains shall be discontinued, etc. 

Fundamentally it can be said that all 
these profit calculations are total calcula- 
tions, i.e. when calculations are made for 
a certain alternative, due regard must be 
taken to the effect that this alternative 
will have on all the future expense and 
receipt series of the company. On ac- 
count of this connection, partly in time 
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and partly in space, found in the railway 
production between the various part pro- 
cesses, a change in a certain part process 
can entail a change not only in the ex- 
pense and/or receipt series belonging to 
this part process but also in the expense 
and/or receipt series belonging to other 
part processes. 


A. Additional receipts and additional 
expenses as well as capital values of 
the same. 


It has previously been pointed out that 
when determining the profitableness of 
two production alternatives, between 
which one has to choose, for example the 
alternative to grant a decrease in tariff 
or not and thereby obtain respectively 
not obtain a certain increase in traffic, 
one should compare the future develop- 
ments of the company’s expense and re- 
ceipt series in both cases. As it is the 
difference between the two alternatives, 
which is relevant for the calculation, one 
need naturally not include in the calcula- 
tion such items of expenses or receipts 
which are identical in size and time in 
both alternatives. What is sought, is 
therefore the additional receipts and ad- 
ditional expenses for the measure planned 
(alternative under examination) as com- 
pared to the alternative chosen for com- 
parison. When the additional receipts 
and the additional expenses have been 
determined, one can by discounting up 
to the calculation moment estimate the 
additional receipts’ and the additional 
expenses’ combined value at that point of 
time. This capital value shall hereafter 
be referred to as capital value of the ad- 
ditional receipts respectively capital value 
of the additional expenses for the pro- 
duction alternative concerned. The dif- 
ference between the capital value of the 
additional receipts and the capital value 
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of the additional expenses can be called 
the additional capital value of the pro- 
duction: alternative concerned. Setting 
out from designations given previously 
and introducing the index of (1) for 
quantities concerning the alternative un- 
der examination and (0) for the alter- 
native chosen for comparison, the addi- 
tional capital value of the alternative 
under examination (,‘") is obtained 
in accordance with the following for- 
mula : 


C/E) = CC) — CO 
PRO BO MRO) — EB, 
TSR ea =e 


The capital value of the additional re- 
ceipts ("C,'') respectively the capital 
value of the additional expenses (°C; (!*")) 
for the alternative chosen for comparison 
can be calculated according to the fol- 
lowing formula : 


n (P= SR .(0) 
rca) — Ou ae aS respectively 
cpl’ 7)" 
nm BO — BO 
eC (to) = FY re er 
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As the capital values of the additional 
receipts and the additional expenses for 
the production alternative concerned 
form in time a joint receipt respectively 
expense for the entire series of years 
with which the production alternatives 
are concerned, the additional receipts re- 
spectively additional expenses for a single 
year can only consist of a part of this 
receipt respectively expense. How this 
joint receipt respectively expense shall be 
distributed over the different years is 
however more a question of suitability. 
Usually one considers it reasonable to 
credit respectively burden the different 
years with similar shares and the year’s ‘ 


ae $ siditionad expenses Rea for the 


then be the same as the annuity for the 
capital value of the additional aaa ae 


respectively additional expenses at the 
point of time of the calculation, estimated 


with regard to the number of years 
which the production alternative is ex- 
pected to exist. Thus 
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The preceding discussion concerning 


_ additional receipts and additional expen- 


ses has primarily arisen from circum- 
stances with an increase of traffic. If 
the production alternative on the other 
hand concerns a decrease in traffic, the 


capital value of the additional receipts . 


and the capital value of the additional 
expenses should as a rule be negative. 
Instead of speaking of negative capital 
values it would seem more suitable even 
in these cases to calculate the quantities 
positively and to speak of the capital 
value of the decreased receipts respect- 
ively the capital value of the ee: 
expenses. : 


B. Additional expenses for working staff 
and material. 


When it is a question of the current 
consumption of the means of production 
for a certain new traffic (additional traf- 
fic), there is no difficulty in calculating 
the additional expenses, as far as the 
means of production are’ concerned, 
which partly are used entirely for this 


additional traffic, partly can be said to be 


used entirely on account of conditions 
connected with the year’s traffic concern- 


‘ed. This éan be said to be the case both 


certain year depends on othe 
_bursements for wages to the 


service of the employees withi 


production alternative in question will se: ’ 


the tie 


i certain cases, the ¢ 
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than those of that year. Thu 


employees can vary with the le 


lary-grade concerned and with the ‘salary- 
grading of those concerned. . Similarly, 
the railway’ Ss disbursements per annum — 
for the maintenance of cars can vary — 
with their age; the disbursement fore 2 
the maintenance of the track can vary 
for different years on account of climatic i, ‘ 
conditions or because certain forms Oy. 
maintenance work are not carried out 
every year. In such case it would be — 
advisable as far as possible to endeavour 


pag 
to equalize the variations in disburse- 
ments of the different years and instead 
to calculate with the average expense for ee, 
longer periods of time. — : h ay 

As far as the permanent working staff : 
is concerned, it would be advisable, if the — be 
varying disbursements for salaries ide- 0's) 
pending on the age of the employees and ie 


tha ay: in service as ne as & dis- 


the pian ‘with foes 
a constant yearly cost is 
disposal of the staff. The i 
expenses varying with the age of 
rolling stock should also be i 
a similar way, so that for the ‘ 
peal 


, 


JUNE 1948 


time of the rolling stock one gets a con- 
stant yearly cost for maintenance. The 
annuity calculations has then a definite 
aim, namely the independency of the 
expenses for the employees respectively 
the rolling stock for a certain year, ir- 
respective of new employees respectively 
material are being employed. On the 
other hand the annuity calculation has 
of course no connection with the ques- 
tion of fluctuations in the wage-level it- 
self for the employees respectively the 
price-level for the maintenance. This 
question must be kept quite apart from 
the above. The object of the annuity 
calculation will therefore be to determine 
the annuity of the expenses for the em- 
ployees respectively for the maintenance 
at a constant wage- respectively price-le- 
vel, ie. it is assumed that the estimated 
wage- respectively price-level for the year 
will be in force for the entire length of 
life of the employees respectively mate- 
rial and that the expenses for wages re- 
spectively maintenance will vary with the 
employees’ respectively material’s age ac- 
cording to the assumption serving as a 
basis for the annuity calculation. Thus 
the annuity expenses for the year in 
question must be adjusted upwards or 
downwards corresponding to the extent 
the wage- respectively price-level during 
a certain year deviates upwards or down- 
wards from the assumed wage- or price- 
level. 


C. Additional expenses for the renewal 
of permanent structures and rolling-stock. 


The expenses for the renewal of the 
permanent structures and the rolling 
stock occur at different times in the fu- 
ture. The comparison between the two 
alternatives of the profit calculation is 
intended therefore, as has been pointed 
out previously, as a comparison between 
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two series of expenses. The capital va- 
lue of the additional expenses: for the 
production alternative examined is ob- 
tained as the difference between the capi- 
tal value of the additional expenses at 
the point of time of the calculation for 
both series of expenses. This capital 
value, as previously mentioned, consists 
of the additional expenses for the capital 
object's employment during the entire 
series of years, that the production alter- 
native in question is in existence, and 
therefore the additional expenses for ‘a 
single year can only be a part of the 
same. If one considers — as will usually 
prove to be most suitable — that the 
various years should be burdened alike, 
the annual expense will be the same as 
the annuity for the capital value of the 
additional expenses, calculated with re- 
gard to the number of years that the pro- 
duction is expected to continue. 


D. Additional and decreased expenses 
per item. 


If the variation of only one type of 
transport is considered, for example less 
than carloads traffic (LCL) from A to 
B, and the additional expenses respect- 
ively decreased expenses relating to the 
said variation is divided with a figure 
of measurement for the variation in 
question, for example the «ton/km. » 
figure, the additional expenses respect- 
ively decreased expenses per item (per 
«ton/km.») are obtained. Additional 
respectively decreased expenses per item 
for a comparatively small variation in 
traffic are called marginal costs (« up- 
ward » and « downward » respectively). 

The size of the additional or decreased 
expenses in a certain case depends on the 
following circumstances : 

1. The utilization of capacity, from 
which the traffic variation takes place. 


+4, 


. The direction of ‘the france va: a 


ie in question (increase or decrease of 


the number of haulage services). 
3. The size of the traffic variation in 
question. 


4. The length of the period of time, 
which the traffic variation is presumed 


to cover. i 


5. The length of the period of time, 
during which it is possible to take mea- 
sures with regard to an expected traffic 
variation. 

The additional expense per item, which 
arises with an increase in traffic, can 
generally be said to become greater than 
the decreased expense per item with a 
corresponding decrease in traffic. As a 
rule it can also be said concerning ex- 
penses per item, that the more completely 
the capacity is utilized, through which 
an increase of traffic takes place, the 
greater the traffic variations are, the 
shorter the period of time the increase in 
traffic lasts, and the shorter the period 


_ of preparation for the carrying out of 


the increase in traffic, the greater will 
be the additional expenses per item. 

A certain increase for example of LCL- 
goods traffic can perhaps be handled 
without employing an increased number 
of cars or employees, but a greater in- 
crease in the volume of traffic can de- 
mand an increased number of cars, em- 
ployees and, in the event of the increase 
being very great, even an increased num- 
ber of locomotives, increased storage 
space, etc. The additional expenses per 
item will, in the latter case, of course be 
greater than in the former. 

As regards the influence of the ca- 
pacity utilization in the initial position 
on the extent of the additional expenses, 
it can be said as a rule that if the in- 
crease occurs from already fully employ- 
ed capacity, this can demand an other- 
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on the other ‘hand, often be met more _ 
advantageously by procuring more cars 
and eventually enlarging warehousing 
space, whereby running without loads | oe 
and the demand for more employees can 
be decreased. 9 
As regards the effect on the size of the ne boes 
increased expenses of the period of time, = 
during which the preparations for the ages 
handling of the increase in traffic can be 
made, it can be said as a rule, that the — 
longer the period of time available for = 
making preparations, the more advan- <M 
tageously the increase in traffic can be ¥ 
met and the lower will be the additional — 
expenses per item. 
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means of the participation of different 
means of production, hereafter termed 
operational planning. The size, com- 
position and time distribution of the 
haulage order in the traffic situation 
concerned constitute the basic factors 
for the operational planning. The result 
of the planning is termed as a whole the 
operational scheme, which is divided into 
a number of part schemes which are 
dealt with subsequently. Other factors 
in the calculation are formed by the de- 
finition, obtained on the basis of the 
operational scheme, of certain measuring 
numbers applicable for the performances 
included in the operation, here termed 
operational quantities. On the basis of 
the operational scheme and the opera- 
tional quantities, arising from the same, 
and with the employment of the particu- 
lars, which can be obtained from the 
accounts and existing costs and opera- 
tional statistics, the various central and 
regional administrative organizations of 
the railway then make a calculation of 
the expenses in the traffic situation con- 
cerned. 


A. Operational planning. 


Operational planning is the activity, 
which is carried out by different ad- 
ministrative organizations of the railway 
with the object of co-ordinating the ne- 
cessary contributions of the different 
means of production for the handling of 
the haulage order. This activity results 
‘in the setting up of certain practical 
norms for action for the subordinate of- 
ficials as regards the choice of transport 
routes, cars, etc., for the conveyance of 
the goods from one station to another. 
These norms for action are termed in 
practical operation route instructions, 
freight haulage instructions, service time- 

table respectively local time-table. 
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When calculating expenses it is essen- 
tial to have hypothetic operational plan- 
ning of a similar type for one or more 
traffic situations. The hypothetic norms 
for action, which will be the result of 
this operational planning, are here term- 
ed route scheme, car scheme, train 
scheme and locomotive scheme. These 
schemes have the following contents : 


1) Route scheme, that is to say the 
determining of the transport routes, 
which for the respective station relations 
should come into use with the completion 
of the haulage order. 


2) Car scheme, that is to say the de- 
termining of the number of cars of dif- 
ferent types which should come into use 
for the different station relations. 


3) Train scheme, that is to say the de- 
termining of how the various cars should 
be combined to form trains as well as 
how the trains should be driven and dis- 
posed. 


4) Locomotive scheme, that it to say 
the determining of the types of locomo- 
tives, which should be used for the haul- 
ing of the special trains and for shunting. 

In order to make the contents of. the 
different schemes clearer, the following 
should be noted. 

The route scheme is necessary because 
in many cases a choice between alterna- 
tive haulage routes must be made. 


As a basis for the choice of route there 
are certain operational economic consi- 
derations which briefly can be said to 
imply, that endeavours are made to for- 
ward the goods and the cars to the 
greatest possible extent, on electrified 
routes, and in long-distance trains to 
avoid sections of the line with steep up- 
hill gradients as well as such haulage 
routes, which would entail re-loading of 
the goods. Bearing these considerations 


ilishios every year ne « Rots é 
tions » for haulage on the ‘State Railways. 
The choice of route for haulage affecting 
private railway sections, which is deter- 
mined by special g government regulations, 
is based on a comparison of freight rates 
on various possible routes, whereby as a 
rule the route, which offers the lowest 
average freight rate for the different rate 
classes, is given the haulage. When the 
private railways are nationalized, the State 
Railway's route regulations will be ap- 
plied on these sections of the line and 
here as well the point of view of operat- 
ing costs will decide the choice of route. 


The car scheme determines the need of 


cars of various types for haulage of goods 
in different station relations. 


As regards the question of goods in 


car-loads, the number of cars required of 


different types (open, closed or special 
cars) is decided by the user of the traf- 
fic-route, who orders cars from the rail- 
way for loading the goods and who after- 
wards hands over the loaded cars to the 
railway for haulage. On the other hand, 
the railway itself decides the number of 
cars of different types necessary for the 
loading of goods in less than carloads 
(LCL). 

With the settlement of the routes and 
the car schemes is also decided how many 
cars of different types are to be loaded 
and unloaded at every station as well as 


on which sections of the line and in. 


which directions these car consignments 
shall be forwarded and what quantities 
of goods and what number of cars shall 
be re-loaded at different stations. Fin- 
ally from the figures as to the number 
of cars required for loading and emptied 
by unloading, it can be estimated at every 


station the surplus respectively shortage th 


of cars at the station and thereby the 
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coupled on or off at. en 
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into master goods eine cae 
goods trains. 


The locomotive scheme is intended. on > 
des the trains est in ‘ible train ay 


of eiuitab le tones and in ane ne pineal ¥ 
tical way to combine the employment of oy 
the locomotive for the different trains. = 
The various part schemes discussed 
here, which, as has been mentioned, ‘to- ee. 
gether form the operational scheme, are ey) 
interdependent. Thus, for example, the 
choice of a certain haulage route for — fe 
LCL-goods is related with the choice of 
type of car and type of train. The oper- — ie 
ational planning, i.e. the formation of the hat 
different schemes, must therefore take e 
place at one time and with the object of | 
attaining such a combination of route-, -< be i 
car-, train- and locomotive schemes that of 
are the most advantageous for the intend- — 
ed transport standard from. an eer Ny, 
point of view. pA 


a jg 


B. Operational quantities. 


Starting ie the operational 
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The primary operational quantities are 
the following : : 

Nettotonkm., divided up for different 
sections of the line, types of trains, types 
of power, types of traffic, etc. 

Carkm., similarly divided up for dif- 
ferent sections of the line, types of car, 
types of train, types of power, types of 
traffic, etc. 


Dispatched and received loaded res pect- 
ively empty cars, divided up for different 
stations, types of traffic, types of car, ete. 


Shunting on route for different sta- 
tions and giving the type of car and type 
of traffic. 


Trains dispatched for different  sta- 
tions and different types of train. 


Trainkm. for different sections of the 
line, types of train and types of power. 


Locomotivekm. for different sections 
of the line, types of train (including 
shunting) and types of power. 

The haulage order can be defined as 
the haulage service ordered by the custo- 
mer concerned, i.e. the moving of a cer- 
tain traffic object from its station of 
departure to its station of arrival as well 
as services of other types performed in 
connection herewith. The services of 
different types, which the railway renders 
for the completion of a certain haulage 
order, have been grouped together under 
the name of operational service. 

The sum of all these separate haulage 
orders respectively haulage services is 
termed the total haulage order respect- 
ively the total operational service. The 
accepted measurement for a haulage or- 
der consists of the traffic object’s weight 
(ton) and the tariff stretch’s length (km.) 
or combined to one quantity, the number 
of tarifftonkm. In order that the total 
haulage order shall be completely deter- 
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mined, it is however not sufficient to 
state the total tarifftonkm. only or even 
how the total ton figure is distributed 
over different tariff distances but for 
every type of traffic, type of goods and 
station relation must as well the quan- 
tity of goods as this quantity’s distribu- 
tion for separate times of the year be 
given. 


The primary operational quantities can 
be obtained directly from the various part 
schemes, which are included in the opera- 
tional scheme. By means of the opera- 
tional planning it is even possible to 
determine the remaining operational 
quantities influencing expenses. 

The method given above, whereby the 
relevant operational quantities are deter- 
mined on the basis of operational plan- 
ning, must as a rule be employed in the 
calculation of the expenses in a new traf- 
fic situation. The application of the 
method will in most cases be very ardu- 
ous, as it requires the drawing up of 
route-, car-, train- and locomotive sche- 
mes for all the station relations occurring. 
As the various administrative organiza- 
tions belonging to the railway company 
have longstanding experience of similar 
planning as regards train-, car- and loco- 
motive schemes, etc., for different time- 
table periods, no greater practical dif- 
ficulties should arise in carrying this out. 

In reality it should only be with re- 
gard to greater variations in traffic 
(30 % or more in size greater than the 
initial situation) that operational plan- 
ning will entail any more serious burden 
of work for the administrative organiza- 
tions of the railway. 

If it is a question of lesser variations 
in traffic, which cannot be expected to 
influence the existing route-, car-, train- 
and locomotive scheme, or if it is a ques- 
tion of variations in traffic only on a 


ee a se ™ 


certain limited part of the track n 
it would seem that this operati 
ning would be comparatively t 
carry out. For these lesser variations in 
traffic it should also be possible in many 


cases to use the following simplified me- | b 


thod for the determining of operational 


- quantities, which is based on a simplifi- 
ed hypothesis concerning the structure 


of the haulage order. 4 
This simplified method is partly based 


on the supposition of constant station 


relation structure for the type or types 
of traffic, which are the objects of the 
investigation, ie. it is assumed that the 
transport quantities in all the station re- 
lations increase or decrease with the same 
percentage in relation to the initial situa- 
tion, partly on the supposition of con- 
stant methods of transport, that is to say 
the goods are assumed to be hauled in 
the new traffic situation in the same type 
of car, 
same sorts of trains, as in the initial si- 
tuation. 
can be summarized in the term constant 
haulage structure. 

Thus no regard is taken with this me- 
thod to possible transfers in the new 
traffic situation of different types of 
trains and types of cars, as for example 
the possible shortening of the route in 
the new traffic situation, etc. On the 


other hand, it is possible to consider such 


changes in the employment of cars and 
trains, as could be a consequence of varia- 
tions in the magnitude of the haulage 
order. 

Thus the number of cars dispatched 
at the stations of dispatch does not in- 
crease at the same rate as the haulage 
order but somewath more slowly as a 
consequence of the cars being able to 
be employed better as a rule, when 
the quantity of goods dispatched be- 


\ 


only be Soe 


the number of cars dispatched but 


onthe same sections and in the 


Both these special assumptions 


:; ts 
have the most traffic, durin 
sons of the year ‘and at 
periods and then perhaps o: 
of the trains in traffic there. 
most cases train capacity is nm ; 
utilized. The number. of trainkm. 
therefore not increase propo 


stead considerably more slowly. i : 


The calculation of the’ number | Ee 
trainkm. in the new traffic situation can A 
probably be made most suitably by means 
of a statistical analysis of the loading 
conditions in trains of different types on : 
a representative selection of track sec- , 
tions of different types. On the basis ty 
of the relations hereby obtained it should — ‘ 


be possible to form quite a good con- , a 
ception of the probable number of train- =u 
km. in the new traffic situation. = _ 

The method given above is suitable = 
above all when it is a question of calcula- ey 


tions, concerning relatively small varia- 
tions in the haulage order, and should 
give a more exact result, ‘the Jess the 
variations in the haulage order areal 


In the question of the calculation of — a8 
expe lees for spon Mia ( 


railway need the, pecans L 
is usually very simple, 
Facting iwhuphe influ nce 


‘ 
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including amongst other things the num- 
ber of loaded cars and in which trains 
they should be dispatched. 


C. Calculation of expenses 
for a certain alternative. 


The calculation of expenses can take 
place in two different ways, namely 
partly in the form of expenses determin- 
ed in the form of a budget, which im- 
plies that for every branch of the railway 
an estimate (budget) is compiled for the 
new traffic situation, partly in the form 
of statistical calculation of expenses for 
the new traffic situation. 


The diagram given hereafter shows 
how this calculation for a new traffic 
situation can be organized. The organ- 
ization drawn up there presupposes 
partly the existence of an organization 
in the railway company responsible for 
these calculations, here referred to as the 
central planning organization (abbreviat- 
ed to CPO), partly that the various divi- 
sion and section authorities in the 
operational service and the principal 
workshops co-operate in the calculation 
of costs. The authorities, just referred 
to, are alluded to hereafter as the re- 
gional planning organizations (abbreviat- 
ed to RPO). 

The organizational diagram is drawn 
up in such a manner that, on the right- 
hand side of same can be found the 
tasks, etc., which are attended to by the 
central planning organization, while on 
the lefthand side are stated the tasks, 
which are attended to by the regional 
planning organization. In addition cer- 
tain tasks occur on the dividingline be- 
tween ithe central and the regional plan- 
ning regions in the diagram, which are 
intended to be handled with the co-opera- 
tion of both the types of planning organ- 
izations. The course of the calculations 
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for a new traffic situation can be sum- 
med up in the following manner. 


On the basis of the haulage order, with 
which one has to calculate in the new 
traffic situation, the central planning 
organization in co-operation with the re- 
gional planning organizations carries out 
the operational planning, which has been 
described in more detail in the previous 
sections. The operational planning re- 
sults in the drawing up of an operational 
scheme, including route-, car-, train- and 
locomotive schemes for the new traffic 
situation, besides which operational 
quantities requisite for the calculation 
are reckoned. 


The central planning organization then 
informs the regional organizations as to 
the further details and data concerning 
the operational plan as well as wages and 
prices for materials, which should be 
applied in the new traffic situation. On 
the basis of these particulars, the regional 
organizations then draw up budgets for 
their spheres of activities, with regard to 
the expenses for operation and mainten- 
ance in the new traffic situation. This 
method of procedure is mainly in accord- 
ance with the method that is used an- 
nually for the drawing up of suggestions 
for the budget. In addition, however, 
the regional planning organizations, guid- 
ed by data received from the central 
planning organization for the traffic in 
the new traffic situation, try to estimate 
if the capacity of the existing structures 
in the planning district concerned is suf- 
ficient for traffic in the new situation. 
This so-called capacity analysis, which is 
made in co-operation with the central 
planning organization, gives particulars 
as to existing needs for investments in 
the new situation. 


The calculation of requirements for 
means for the necessary investments and 
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with what annuities these investments 
should be included in the calculation for 
the new traffic situation are, however, 
the tasks of the central planning organ- 
ization. 


The statistical calculation of expenses 
forms a complement to the regional costs 
planning, and both methods should be 
employed in order to obtain a satisfactory 
determination of the probable expenses 
in the new traffic situation. The statis- 
tical method is based on a regression 
analysis of the connection between the 
operational quantities and expenses in 
different service districts and types of 
expenses, and it will therefore be of 
great assistance in the regional costs 
planning. 
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The statistical calculation is made by 
the central planning organization and 
serves principally as a control for the 
budgets worked out by the regional plan- 
ning organizations for the new traffic 
situation. 


As the final measure in the calcula- 
tions of the expenses for both the traffic 
situations, the central planning organiza- 
tion compares the amounts for different 
branches of service and accounts, which 
have been obtained by the budgets, with 
those which have been calculated accord- 
ing to statistical methods and decides 
from them with what amounts the dif- 
ferent items of expenses in the respective 
traffic situations should be included in 
the budget. 
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[ 621 .431 .72 (.85) & 625 .285 (.85) ] 


Light-weight railcars, Central Railway of Peru, 
by J. L. KOFFMAN, 


Dipl.-Ing., M.S. A.E., A. M.I. Loco. E. 


For the last ten years or so the Peru- 
vian Corporation has consistently pursued 
the policy of replacing steam traction by 
Diesel railcars on its railways. Among 
these the Central Railway is the most 
important and from the traction point 
of view also the most difficult one. 
As already mentioned in a previous arti- 
cle (*) (*) after leaving the terminal at 
the port of Callao, the vehicles face a 
continuous climb for 172 km. up to an 
altitude of 4781 m. above sea level at 
Galera. From here the line descends to 
3500 m. at the railhead at Huancayo 
some 345 km. from the coast. Besides 
negotiating extended grades of 1 in 22 to 
25 and numerous curves with a radius of 
just over 100 m., which feature this 
highest railway of the world, the opera- 
tion of railcars is furthermore made dif- 
ficult by the fact that due to the increas- 
ing rarification of the atmosphere at 
higher altitudes, the power output of in- 
ternal combustion engines is reduced by 
approximately 1 per cent per every 100 m. 
of altitude. 

In view of the success achieved on this 
railway with a number of steam railcars 
converted for Diesel operation (*) and 
powered by supercharged engines suppli- 
ed by S. A. Adolph Saurer of Arbon, 
Switzerland, it was decided to base the 
design of five new vehicles on the use 
of Saurer six-cylinder 14.3 litre type 
BXDL engines fitted with a Biichi turbo- 


2 


charger. Since both the engine and the 
method of supercharging have been des- 
cribed in the technical press (*) it will 
be sufficient to mention that while the 
continuous output of the supercharged 
engine is 200 H.P. as against 150 H.-P. 
unsupercharged (Fig. 1) the superchar- 
gers are designed to ensure a power out- 
put of 140 to 150 H.P. at the highest 
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Fig. 1. — Performance curves, Saurer BXDL 
engine. 


(*) Numbers in parantheses refer to the Bibliography at the end of the article. 


1600 


altitudes encountered, as against on 
about 85 H.P. prec ee acer. 
charged. 

In order to meet the traffic require- 
ments for considerably improved speeds 


it was necessary to keep the weight of the 


ears, built by D. Wickham & Co. Ltd., 
and designed to accommodate 50 first- 
class passenger (as well as a small lug- 
gage compartment and a W.C.), to 18h 


tons when ready for operation and about 


20.5 when oll laden. To achieve this 


arse eee “the engi ne, 


cause of this an automobil -type bo i 
had to be provided over the er - 


reduces the MNES. car —— i fy 
zs) ft. . 
axle Rey “The ration was ee ey 


Fig. 2. — Light-weight ppleares Central Pp ae of Peru. 


solid-drawn square tubular sections were 
used for the body framework, no sepa- 
rate underframe being employed. The 
longitudinal and cross members are 
mainly 2?/, in. wide, 1/, in. thick square 
tubes, while 12 in. wide, 1/, in. thick 
square tubes are used for roof cross mem- 
bers, 1% in. by ‘/, in. pressed steel channels 
being used as ey members (*). 
The cars (Fig. 2) have an overall length 
of about 52 ft. the height being 10 “it. 
6 in., whilst the height from floor to 
roof (inside) is 6 ft. 54 in. The bogie 
centres are pitched at 34 ft. 44 in., the 
wheelbase of the power bogie being 8 ft. 
3 in., and that of the trailing bogie 6 ft. 
Since two of the cars had to be designed 


for experimental service on a branch line 


because of the obvious necessity of run- | 
ning the car at lower speeds uphill than 
down, and the inability of the transmis- 
sion to run in intermediate gears at full | 
load for 2 to 3 hours on end without in- 
curring excessive temperatures due to oil 
churning losses and the consequent ne- 
cessity of providing adequate oil cooling 
circuit and also due to the possibility of 
undue transmission wear when called to 
deal with the heavy torque loads encoun- 
tered in intermediate gears. The maxi- 
mum speeds permitted by the two axle 
drive ratios are 42 and 98 km./h. res- 
pectively with the : Cotal transmission in oes 
direct gear. j 


The cars are. arranged for multiple | aA 
unit operation, the pee ‘throttle peite = 
‘st 


sek Pann ig pao until the 
ave Seoul are eee Ele 


sh Siders are saan at 
driving wheels only and these are ar- 


‘ranged for multiple-unit operation with 
the help of electro-magnetic valves. 
‘The clasp brakes were designed to facil- 

itate adjustment and inspection. West- 
-inghouse equipment was used through- 
out, the brakes being of the straight air 
type with emergency features and self- 
. lapping brake valve at the driver’s stand 
___ controlling two 8-in. pressed steel brake 
__-eylinders mounted on the car body. 
Compressed air for the brakes, sanders 
and axle drive control is supplied by a 
-_ Saurer compressor driven by the engine 
-in tandem with the fuel pump. In addi- 


tion a Westie haus compressor is 
mounted on the trailing bogie, the drive 
being via belts from one bud so that 
when the engine is working hard and the 


vehicle is running slowly, as on an up 


grade, the engine compressor will keep 
up the air supply; while when descending 


grades with the engine idling and the car 


running fast, the axle driven compressor 
will be mainly relied upon. 

Except for the sanders, dipper switch 
for electric headlamp and signal horn, all 


Fig. 3. — Power bogie. 


controls are hand operated. A dead-man 
switch stopping the engine and applying 
emergency brake is incorporated in the 


throttle control lever. A foot-operated — 


switch is provided in parallel with that 
of the hand throttle. 

Automatic couplers are provided at the 
rear end of each car only. The windows 
at the driver’s compartment are protected 
by bars against damage by vultures often 
sitting on the permanent way and rising 
in front of the car. 

The design of the bogies (Figs. 3 


a Lat 


are dealt with here in “somewhat greater 
detail. 


a 
Due to considerations stated in a pre- Bre 
vious article published in this Bulle- bogie frame so that 
tin (°) the use of conventional hornblocks 
has been dispensed with in favour of 


Fig. 4. — Trailing ‘bogie. 


radius arms. The axles are carried in 
self-aligning roller bearings and the axle- 
boxes, are located in the bogie frame by 
means of radius arms secured via Silent- 
bloc bushes which allow a small radial 
and longitudinal displacement. The bo- 
gie frame is carried on half elliptic 
springs secured to the axlebox by tru- 
nions. The entire design is identical] to 
that of the railcars supplied to the Kenya 


and Uganda Railways and Harbours Ad- 


ministration and dealt with in Refer- 
ence (5). 

In addition to resulting in lighter and 
cheaper bogies, both so far as first costs 
and maintenance expenses are concerned, 
this design also results in improved rid- 
ing qualities, for as shown by Hev- 
MANN (°) and a number of other investi- 
gators, the wave length of the sinusoidal 
path pursued by a “wheel set along the 
track can be increased by securing the 


al “lines 
in many ways, and because of this they 


tion Factor 


where 
’ = wave length of path of hae. > ce 


pee 
| — wave length of path, free wheel el sey Ae, 
E = elongation factor. mn é 5 Sie By. 
The actual equation, which applies to. + 
trailing bogies with equal wheel poses ee. 
only, is given in Fig. 53. coat 
b 7 p. 
Here : ican Yi, 
a = bogie wheelbase; — , 
= wheel radius (for Fig. 5:7 = 1 ft. is 
Eee ee he . 
= half the distance between rolling 
circles of a wheel set; Rr 
B — coning angle of tyres; a 
us = slip friction coefficient. Sa 


It will be noted from Fig. 5 that foray Via 
bogie with a 6 ft. wheelbase E— 1.7 | 
whilst for an 8 ft. 3 in. wheelbase 
E = 2.1 and this will have a beneficial 
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effect by reducing the frequency of ihe 


lateral disturbances transmitted to the 
car body. 


In view of the fundamental importance 
of HeumANn’s investigations upon future 
bogie development a careful study of his 
article mentioned above and his subse- 
quent publications (see Ref. 5) on the 
subject of bogies with rigidly secured — 
axles is recommended to all concerned 
with the design of railway vehicles. 


The suspension of the car body on 
the bogie is of a somewhat unusual type 
Fig. 6. The body is carried on each 
bogie by means of two helical springs, 


one at each side of the bogie frame. 


Each spring is carried in a container and 
supports a square plate which in turn 
carries a universal joint. The latter car- 
ries a rod which passes through the spring 
downwards and carries at the lower end 
another universal joint which supports 
an anchor-shaped bracket. This bracket 


supports the car body with the help of. 


extensions provided on the body frame. 
The purpose of the spring housing and 
the closely fitting plate on top of the 
spring is to act as a guide. 
hydraulic shock absorbers are provided 
on each side of the bogie to dampen ex- 
cessive vibration encountered particularly 
when the natural frequency of the 
springs happens to coincide with the fre- 
quency of the car passing over rail joints. 


This type of suspension has by itself 
the advantage of lightness, because it 
does away with the bolster, and cheap- 
ness for the number of parts is some- 
what reduced. In addition it has the 
very considerable advantage of permitt- 
ing the use of very long swing links — 
in this case 25 inches — but on the other 
hand it has the disadvantage of centralis- 
ing the load at the highest stressed point 


Houdaille | 


ie swing I 
other reaso 
high centering orces aga: 
placement. ause 0! 
pues were, used at the 


The acne of sakes aia 
amounts to 8 ft. 3 in. in order to aces 
MELE the power pian 


Contra Railway" Papin aban 
curves of radii down to 110 m. 
wheelbase of the trailing bogie wa 
ed to 6 ft. mainly in order to keep the | 

weight down. ‘ _ 


It might be mentioned here that the . oa 
type of body suspension used here is not | : 
novel, for it has been previously used a4 
with a number of Sentinel-Cammel steam 
railears supplied to the Central Railway J 
and because found to be satisfactory was 
propagated with other railcars built for 
this line. ‘But long before this time bo- 
gies of basically similar design were in- — me 
Godnesd by William Dean on the Great 
Western Railway. With this design — Z 
(Fig. 7) four links on hemispherical 
bearings are suspended from brackets on = 
the outside of the bogie frame near the ae, 
centre and these carry two transverse i. a 
bars on volute springs: The body and 
Pa are pou on athe bogies 
ionhvane froth sh ohare and are” ae 
attached to the extremities of the trans- 


verse bars. The centre pivot pin is i 
gidly fixed to the underframe and en- 
gages with a bush which is capable of a 
limited amount of lateral. travel on the. : 
bogie frame. i) 7 


Ina similar design of still eanliogs date 
the transverse bars are situated at e ther z 
end and the stanchions | are at the fou ‘ 


used heavier some Paaneut of 


= 


ann nes sine Faureat Pes 
of the system — is sinonumous to the 
~ length of the swing hanger. To illustrate 
_the point consider the extreme case where 
the inclination of the hangers is so great 
that the intersection of their centre lines 
is at the height of the centre of gravity of 
Pine body which they support. Then for 


a very small oscillation the centre of 


gravity will remain fixed, because it is 
also the centre of rotation of the body. 


the mechanics of this design will ie 
"briefly dealt with. 
-* In the present case rather long swing 
Pe: hangers were employed to ensure a low 
lateral frequency, whilst the hangers 
¥ were arranged vertically since this may 
" be ae as effective as when inclining the 
hangers. As pointed out by Skutscx (°) 
i and ahs (*°) the natural frequency of 
oe ‘inclined hangers depends to a consider- 


Ss able extent upon the location of the centre 
<i, Off and this will vary to a consider- 
ay brig eect with light weight vehicles de- 
“a 7 < tip g whether they are empty or load- 


1 it is only with straight hangers 


: a 
Fig. 7. — Dean bogie. 


However much lateral force acts at the 
centre of gravity it will not cause the 
hangers to swing because their swinging 
would not allow the centre of gravity to 
move sideways. If the system oscillates 
it will do it by the centre of gravity 
oscillating vertically up and down as the 
body swings on the hangers. In this case 
the hangers are completely ineffective as 


a cushion against side movements of the 


bogie. Although this condition is ex- 
treme it gives some insight into the 
factors which affect a practical design 
which approaches more or less nearly to 
this condition. 


— length of each hanger; — 
€ = spacing of bottom pins ve 


A = height of centre of gravity above 
bottom pins; 


5 = horizontal distance between top and 


bottom pins (b positive for converg- Me eee 
ones, 2 2 Al: = 3, 
ing hangers and negative for diverg- es Pe, + ‘bie gtx 
ing hangers, b = 0 for straight — 
hangers, b = leos¢ for inclined . For the cars dealt with here 
hangers) ; whilst if is assumed to ee in. ne ne 


a = vertical distance between top and 
bottom pins (a — J for straight 
hangers, a = Vi PSe b? for inclin- © 
ed hangers). 
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Fig. 8. — Scheme of Peru fier suspension. 
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The natural frequency values shown in 
“Fig. 9 are plotted in Fig. 10 together with 


| the frequencies of the sine path of the 


bogies running on straight track. The 
latter values were calculated on the basis 
of the E values Fig. 5. It will be noted 
that the natural frequency of the 25 in. 
long straight hangers (b — 0) coincides 


with the “lateral frequency of 1a, Ou. Bt. 


bogie at a vehicle speed of about 36 m. 
ph. and this will result of considerable 
hunting of the car body. Should this: 
speed happen to be the cruising speed of 
the vehicle it would be desirable to avoid 
synchronism at this point and a remedy 
might be found in altering the value of 
J, or inclining the hangers. In any case 
this aspect of the design should be ana- 
lysed before settling details. 

The effect of the height of the centre 
of gravity h upon r and f is illustrated 
in Fig. 11 for a hanger inclination of 


gy = 10° and / of 25 in. Whilst of no 


= PPM ee etciall srojuctaynat nopies aha effect with straight hangers the value of 
aerT) hangers. h might have considerable bearing upon 
py, 
f j ° 
eu > C 
LeN g. 
sa © 
; S 
Lad i: 
a AG 
% << 
| d 
7) S 
c= vil. oe, 
a w E 
and 
De eeu ia 
eG tht arri:, » he: wena Cycles/Sec 
cs Mama 12 20 q uf 419 20 : 30 40 50 
* ee tages Diverging Hangers, pipet Converging Hangers, r-[nches 
wi 4 ; ‘Fig. ll. — - Characteristics of inclined hangers, as affected by the height of centre 


of gravity. 


> eS 


Force-Lb. 
S if 


Centerin 


gers are used. 

The purpose of the bogie is, amongst 
other things, to ensure a smooth running 
through curves and to achieve this it 
must have a certain minimum degree of 
freedom. If the bogie is unduly re- 
strained from turning freely upon enter- 
ing curves then a certain shock may be 
expected, and if the restraining action is 
maintained throughout the 
through the curve then additional wear 
of wheel flanges and rails is to be expect- 
ed. On the other hand a certain amount 
of damping is desirable so far as the si- 
nusoldal path of the bogie in the straight 
is concerned, a reason for supporting the 
body directly on the check plates of or- 
thodox bolsters. How does this type 
of suspension behave in curves and in 

the straight when considered against the 
background of the above requirements ? 


7g. 


0 100 300 400 
: Ragiue of Curve- Meters 
Fig. 12. — Centering force due to hangers. 


‘ 


The answer to this is given in Fig. 12 
showing the centering forces (at the dist- 
ance c, Fig. 8) plotted against the curve 
radius for the bogie Fig. 6. The forces 
follow a hyperbola, the values rising ra- 


pidly as the curve radius diminishes,, 


the riding qualities when inclined han-— 


passage 


- 


On the other hand the forces set up to — 


oppose the sinusoidal motion of the 


4 
Ss 


- ‘ 
Solid: runn 
‘The curvatu: 


Said with cubic par 
curves the centering force ex 
hangers will rise gradually as t 
moves along and no shock will be e: 
enced by the passengers, but all the san 
the desirability of making the 


provision ) ‘anti-hunting ee may a 
be found to be desirable. LZ 
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Fig. 13. — Speed in curves. ~ reg 


With bogies with which the body rests a 
on pads carried by the bolster it is neces- _ 
sary to overcome a force equal to the rO- " x 
duct of weight and coefficient of friction as 
De tia es lates, a curve e al a _ 
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Fig. 14. — Proposed design of trailing bogie, 


results in a drawback so far as Tunning 
ee curves: is cone na eae 


ateral siectldration et fovea on bot 
met by superelevation) due to centrifugal 


forces acting on the vehicle passing ; 
through curves should not exceed p addition the matter is made 


== 0.6 m./sec’ \("). The values of super- 
elevation are frequently determined for 
standard gauge from the equation based 
on this value for p 


11.8V? 
= — 92 2. (3 
See) 


where 
u = superelevation {mm.]; 
‘V = vehicle speed [km./h.]; 
R = curve radius [m.]. 


The constant value of 90 is mostly used’ 


in place of 92. 


Conversily the maximum speed of 
standard gauge vehicle running through 
suitably superelevated curves is given be 
the equation : 


R 
Wines = its (u + 90) =CVvR (4) 


where 


The values for C normally do not exce- 
ed 3 to 4, being mostly limited by the 
ability of the locomotives to enter and 
leave curves without shock, but values of 
up to 4.5 were maintained by railcars. 
The vehicle speed curve radius relation 
- , Paps of C values are shown in 

1¢, 


Due to loading gauge restrictions the 


larly Fiocinable ery begied of eae He 


Ms 
vey 
«Sune 1948 
Da ’ 4 


to about Ly a 0! ; 


frequent absence of prope 
curves on the Central Railway. 

words a shock would be i 
the passengers. To avo’ 
control helical springs are 
each side of the centre pin 
have proved to be entirely satisfact 


The design of bogies of this type may 
be improved by simplifying the details Ss 
of the body suspension, at the same time — 
bringing the height of the centre pin Sy 
closer to the centre line of the axles, thus 
reducing the tilting moment to which the — 
bogie frame is subjected when dealing mm 
with tractive forces. he possik f 
offerred along these lines are indicate ; 
by the bogie design Fig. 14. Here. the ’ 
lateral guidance of the body suspension — 4 
has been left to the transverse stiffness  __ 
of the helical springs. The necessary 
spring characteristics may be readily de- 
termined with the help of the graphs 
Figs. 15 and 16 (”). The hanger joints 
have been simplified and provision made ue 
for ready replacement of suspension com- ey, 
ponents without the bese s h of lifting ae 2 
the car body. £ 

At the present the ears cover the 
- from Lima to Oroya i in 4 hours 33 9 
tes which is 2 hours better than | 
fastest steam train. It is 
make a timetable | me of 
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Fig, 15. — Stable and unstable regions for 


helical springs dealing with lateral and 
compression loads. 
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Fig. 16. — Relation between vertical and 
horizontal spring stiffness. 


A problem of considerable interest in 
the operation of mountain railways is 
that of braking when descending long 
steep grades, a problem which, as might 
be imagined, is particularly acute on the 
Central Railway. The thermal aspects of 
this problem have been previously dealt 
with by the late W. Kuemow (14) and by 
Prof P. Mutter (*°), but the resulting 
considerations are of not much help in 
the case of vehicles descending at con- 
stant road speeds, since they deal mainly 
with the problem of bringing trains to a 
standstill, and then only in very general 
terms. 

Before, however, dealing with this mat- 
ter we must consider the values of the 
coefficient of friction between brake 
block and wheel, a subject on which the 
results of a number of investigations are 
available though many of these were car- 
ried out on rigs and models.. These were 
summarised by the author some time 
ago (1°). In the meantime very extensive 
tests were carried out in the U.S.S.R. on 
four-wheel and bogie goods carriages 
running on an experimental circular 
track having a radius of about 950 m. (7). 


The results of these investigations in- 
dicate that for a cast iron block having 
the standard (wagon) U.S.S.R, face di- 
mensions of 43 « 8 — 344 cm? the co- 
efficient of friction can be expressed by 
the following equation ('8) : 


og OP +100, V+ 100° 
80P + 100 “ 5V + 100 
where 
P = brake block pressure [tons]; 
V = vehicle speed [km./h.]. 
From the results obtained during the 


above mentioned tests it is possible to 
deduce an equation for » which is ap- 


« 
pz. wis. 


+ - plicable for known values of spec ecific: 


x 
es 
brake block pressures ‘\ 


A . 
‘ re h 


ie ; 38.4 a | : - r ce 
~ /p + 0.72 V+ 386) (6) 


a= 


Is 


slic | we can ‘determin 


ie rs We outa ae ‘brake DI 
axle nm, and the brake pr 
block P. Then we can write: 
and consequently : 


To simplify the subsequent thermal. 
SA we stiles consider ee wheal By. 


Coefficient of Friction andy 


Tt 


: 40 60 80 
Vehicle Speed-km/nh 
ret Fig. 17. — Coefficient of friction between Tr 
He CheSL a ae etuniaed + air on all sides sie the et : 
exception of that portion of it which is. a 
covered by the brake blocks. This means - 


where that the heat transfer from the wheel tyre: ea “ 

p = specific brake block pressure [kgr./ to the centre is assumed to be carried ow Bb, "i 
em?]; by convection and not by conduction... 3 icine 
V = vehicle speed [km./h.]; The difference between this assumption — e 


and the actual conditions may, however, . Dh: 

be neglected since the area of the tyre ‘ise a 

The values of versus V are plotted very much greater than the area of cross-- 

for a number of p values in Fig. 47. section between tyre and wheel centre 
The coefficient of friction between 8d also since at higher speeds the wheel af 

dry rails and rolling wheels can be ex- 18 subjected to effective « ventilation : ura 


0.72 — empirical constant. 


eee \ The total amount of heat generated bys 
sid friction amounts to: 
ay; —-6 ' 

2 x=0,4:10¢(I+06WV) é : “it ee 
2 a Q=— QQ + Qe. aoadla oe 
X<o/56 ee a ; 
ee where: — 
= 
s 
? $10 
to} 

; 
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Fig. 18. — Heat transfer co-efficient. 
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where 
W = weight of the components concern- 
ed [kgr.]; 
== specific heat of the material [ Keal/ 
(kgr.).(° €.)]; 


dt = temperature rise [° C.}. 


The amount of heat dissipated to the 
surrounding air will be : 


dQ, = oA(t, — t,)dT = oAtdT 


where 


_ (10) 


« — coefficient of heat transfer [cal/ 
(em?) (sec.)(°.C.) |; 
A = heat dissipating area [cm*]; 


4, = surface temperature [° C.]; 

t, — air temperature [° C.]; 

£ — t, — t, = temperature difference 
erga]. 


In accordance with the law of conserva- 
‘tion of energy we have : 


QdT — Wedt + aAtdT . (11) 
For the Beaks block alone we can 
write : 
W,cdt,— (Q, — Apt, )dT . (12) 
and 
dt, aT 
oe oe Al ese 
O,—aAnt, Woe (13) 
To integrate this equation we introduce 
%= Qp —aApt, . . (14) 
Solving for ty 
=. On im 
th = ae = Abi) 
and differentiating we obtain : 
dz 
dt, = — re : (16) 


Substituting in equation (13) the re- 
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levant values from (15) and (16) we can 
integrate : 


= (a 
’ aA; 2% Wie 
—1 


Substituting for z ad ee from equa- 
tion (14) and representing the constant 
C in logarithmic form more convenient 
for subsequent determination : 


at InC. (47) 


To determine the value o C we have 
to consider the conditions at the begin- 
ning of braking, ie. T — 0, whilst the 
brake block temperature will be the same 
as that of the surrounding air. Since 
both these conditions signify the point of 
origin we can introduce in equation (17) 
b= and ‘T —0;'so that 


in(Q, — 0) = 0-+ InC 
Consequently 
nQ, = InC 


a In(Q,, am aA pty) = 


or 


Q,, = C 
Introducing the value for C in equa- 
tion (17) we have 


A»T 
In(Q, — @Apt,) = BW + InQy 
and 
a Q;, — Apt, 2 oA,T 
Q, Woe 
so that 
aA 
Wisc 
Q, — «Arty = Que 
and 
aAp \ 
| — wie! | 
== \1—e | (18) 


™ 
The: aban equation 
determination of ihe 


"The eqittioue far’ tie Selopank piel 
tyre temperature difference ¢,, is similar. 


It will be noted from equation (18) 


that all components are easily determined jae 


with the exception of the amount of heat 
Q, and Q,, to be dealt with. — 

It is obvious that as the time T, during 
which the vehicles roll downhill with the 
brakes applied, increases, the value of e 
in equation (18) will approach zero, or 
to put it differently; with increasing T 
the values of ¢, and ¢,, approach the fin- 
Qn ae 
aAp Aw 

The results of rig and road tests have 
indicated that generally the temperatures 
_ experienced by the brake blocks are some 
three times higher than those recorded 
at the wheel rim, ie. 


ite values of respectively. 


t, = 3t, . (19) 
Since 
On ro Q pe Q, 
we have : ay 
. Aare na Q), oe Q ol Q» 
by “ aA) by r aAw 


On the basis of equation (19) we can 
- write : 


Q;, 3/2 Q), 3 Q : 
aAy - aAw pag aAw ake 
and consequently : 
Ap A» 
Q, (1+ 3— 7 = 30> 
or : . 
3QA, 3 Ap fe 

Q, = eons Scape Aa (20) 

Ay f = x) Aw + 3Ab 

ai 


ie dea with will be g 
sion : 


= = ab “Ay pv [ea/see 4 


where v = vehicle speed [m. /sec.], 


or : : ; at ve 
\ . ow ‘ 


Q = 0.00065Vy pA, [cal/sec.) 
where V = vehicle speed [km, rel ade 


Distributing the pale of Q betwen t ih ae 


- Pu 
ance “with equations (20) ‘and (21) 9 we 5. 
obtain : ‘ ; i 
A, vem 
= et ee ed WA Se ye 
= 0.00195V » pAy~ ee 3A) 4) = 
"ae BONOSE SIE ee MS 
iz ie 


Introducing -these values in equation | se ‘ 
(18) and the corresponding equation for. cn 
ty we have: 


Gees oe 


) and We = - 62 L. In ae case of the 
brake loa the value of A,, does not in- 
Ata the peau of. clude the portion of the block pressed 
ut the designer can, to against the wheel. For these values, and. 
influence the ultimate ¢ bearing in mind that the temperature 
hoice of the s and difference of the wheel is here caused by 
the action of two brake blocks, equations. 
(26) and (27) can be written as : 


. ; — 91607) 
ty = 0.13-10-*.4-1.V.u-A,-p \1 — e (26a), 
: dina 4 / 998A” 
Ki ee 0.0433-10-8-«1.-V.n-2A,-p(t ae (27a) 


__ previously made assumption t, — 3¢,, maintain the requisite speed, as compared 


Wg ti Ooi 0.00195 Ap  ., A» (26a) and (27a) will read respectively : 


3 ies) AOR. = 9.000053, ~ 7A, ee 
Pe. oe ve 10-0.37-4 qe 
yy aes present case : t, = 0.13-10-0.37-48.6 | 1—e ies 
Se ear Gy 9698 Ler he al ahd 
Perna 27400 0.167 ty = 0.0433 -10-0.37-97.2 1—e 
ian x0; and 
Led ‘that ) | — 0.00184), 
mores Ga 0470; t,—= 0.065-50-0.23-45.5\1—e 
Pcl ‘Since : ji as | 
Toei 2=04+% ty = 0.0216-50-0.23-94 eae 
ERS ae For T reaching values of over 1 hour 
Se Ce Q ATU. ie or so the value of e approaches zero. 
be me a NZ est lea hid this case we have t, — 23.4° C. and 
on nA | t, — 7.8° C. for a speed of710 km./h., 
~© ae 0.855Q oud t, = 34 €. and t,— 14.3° C. for 
Napa BB % of the total heat ree N by = 50 km./h. The temperatures thus 


_ brake block | friction will be absorbed by dstimated are representative of the mean 
: wie. 2°)" values. Much higher temperatures are 
In the case of a 41 ton two car train encountered at the actual contact sur- 

= deseending an | incline ‘of 4 in 25 at a faces. 


rae 


ks 27 


oi 7 
> 
i 


hin However, it is not necessary to use both steady speed of 10 km./h. a retarding 
iy equations since in accordance with the force of 1555 ker. will. be required to 


: whilst t according to equation (26) and with a retarding force of 1455 kgr. re- 
fe (27, ) the heat quantities are distributed quired to maintain a downhill speed of 
as follows : ; 50 km./h. For these values, equations. 
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(Revue Générale des Chemins de fer, August 1947.) 


The disturbance created in the run- 
ning of trains by points becoming block- 
ed with snow, especially when such 
points are operated at a distance from a 
signal box, are too well known for it to 
be necessary to emphasise the import- 
ance of keeping them clean during 
snowy weather. In the larger stations, 
the considerable number of points and 
crossings met with and requiring to be 
kept clear of snow necessitates the sta- 
tioning, immediately the first flakes be- 
gin to fall, of a numerous staff, whose 
duties are laid down in a programme 
carefully prepared in advance. A sud- 
den, heavy fall of snow, such as that 
which occurred in the Paris district on 
the night of February 28th to March 1st 
1946 showed very forcibly the serious 
nature of the consequences which could 
result from even a small delay in send- 
ing out the clearing parties (*). 

The obligation to keep the clearing 
staff on the ground throughout the pe- 
riod when snow is either falling or 
threatening to fall entails heavy expense. 
It is natural therefore to try and see 
whether it is possible to find some 
means of heating points as a preventa- 


(7) The snow, which continued to fall 
throughout the night, was 40 to 50 em. (1/33/ 
to 1/8’) deep in the morning of March Ist. 
Delays to main line trains, both arriving and 

' departing, of 2 to 3 hours, were experienced 
in all Paris stations. The suburban traffic 
was considerably reduced, and could only be 
resumed as regards Paris-Est station from 
5.30 p.m. onwards with but three trains in 
each direction. 


3 


tive measure, using some automatic de- 
vice easy to apply and keep in service 
aS soon as snow appears likely to fall. 

The heat required for its working 
can be obtained from electric or steam 
heaters. 


Electric heating. 


1. By Joule effect. — The idea of 
using electric heating on this principle 
is not new. A first trial of it was made 
on the Italian Railways at Milan Central 
Station during the winter of 1932-33, 
with resistance heater elements and in 
1934 was extended to cover 439 points : 
249 simple points, 164 double-slips and 
26 single-slips; a total of 1206 sets of 
points, with a corresponding number of 
heaters. Thecost of installation (*) 
amounted at that time to 1200000 lira 
(general and supervisory expenses ex- 
cluded). 

The power of each heater was 1 100 
watts, equal to a current of 20 amperes 
at 55 volts. 

The German State Railways also in- 
terested themselves in the electric heat- 
ing of points, and after numerous trials, 
produced shortly before the last war a 
design of resistance heater differing 
from the Italian one, and applied it to a 
number of points, notably in stations in 
mountain districts subject to heavy falls 
of snow (’). 


(*4) See Revue Générale des Chemins de fer, 
June 1936, p. 453. 

(7) See Revue Générale des Chemins de fer, 
April 1939, p. 330. : 
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tion (‘) (Points Nos. 229-230). The in- 
stallation, which was entirely destroyed 
by the bombardments of 1944, compris- 
ed 2 resistances on each point tongue, 
encased in a bronze tube 4 m. (13/13’’) 
long. The resistance wire, formed in 
hairpin shape, was insulated from the 
body of the tube by blocks of steatite, 
packed with powdered magnesium crys- 
tals. The tubes, of semi-circular sec- 
tion, rested with their plane surface 
against the outer face of the head of the 
stock rail. Clips suitably spaced, served 
to hold the tube fast to the rail (Fig. 1). 

The general arrangement of the equip- 
ment for a double-slip comprised 16 
heater elements controlled by a switch 
placed near No. 2 signal box and fed 
through armoured cables laid under- 
ground from a 24 kVA. transformer re- 
ducing the voltage from 200 to 55 volts, 
with regulating tappings. Each heater 
element absorbed 1 280 watts when hot. 
Fig. 2 gives a general view of a set of 
two points fitted with the heaters. 

The graph (Fig. 3) gives the results 
obtained in the course of a trial on 
December 16th, 1937, with voltages at 
the heater terminals of 35, 52 and 62 
volts. 

The mean power absorbed by an or- 
' dinary pair of points (2 heater elements) 
was high (2.5 kW.) from the fact of the 
necessity of fixing the elements on the 
outer face of the stock-rail, which oc- 
casioned much loss, any heat insulation 
on the outer part of the cylinder having 
been found to be impracticable. 


b) In order to reduce such losses and 
increase the efficiency of the apparatus, 
we endeavoured to produce an arrange- 
ment in which the heat was created di- 
rectly between the tongue and the stock 
rail. 

The heater elements (*) are formed of 
a small diametre tube (11 mm. [7/x/"]) 


(1) See Revue Générale des Chemins de fer, 
January 1939, p. 51. 
(7) Makers : Société Electro-Nickel. 
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in stainless steel, inside which is a ferro- 
nickel resistance wire, insulated by a 
packing of powdered magnesium crys- 
tals. Each tube is secured by means of 
clamping pieces to the lower part of the 
web of the stock-rail, on the gauge side. 
The equipment comprises, for an or- 
dinary pair of points, 2 tubes connected 
electrically in series (Fig. 4). 

The trials were made on point No. 76° 
at the Est station Paris, and Nos. 87, 88 


Temperatures (cdégres centigredes) 


° 
© 10 20 3040 50 1°10 20 30 40 50 2°10 20 3040 
Fig. 3. — Electric heating (old system). Test 

on December 16th, 1937. 


Explanation of French terms: 
Températures (degrés centigrades) = 
degrees centigrade, 
Groupe 4-5-6 (chauffage sous 52 V.) = 
(heating at 52 V.). 


bea a 7-8-9 cay ige sous 62 V.) = 
ating at 62 V.). 


Groupe 1-2-3 (chauffz fae sous 35 V.) = 
(heating at 35 V. 


Température iakioe = 


temperature in 
group 4, 5, 6 
group 7, 8, 9 
group 1, 2, 3 


ambient temperature. 


/ 
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and 90 at Mulhouse Town Station. At 
the former, the elements are 4 m. (13’ 
13’) long and at the latter 2.80 m. 


Elément réchauffeur 


(600 ou 8OOW) 


Fig, 4. — Electrie resistance heating 
(new system). 


Elément réchauffeur = heating element. 
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(9/23) by reason of the difference in 
the type of points. 


b:) The nominal power of each ele- 
ment is either 800 or 600 watts. At 
Parist-Est, with a primary voltage of 213 
and a secondary voltage of 53 at the 
transformer, with absorbed primary in- 
put of 7.03 amperes, the total power ab- 
sorbed being 1475 watts, or a power 
factor cos 9 = 0.98. 


The temperature of the tubes was 
found to be about 70°. The graph (Fig. 
5) gives the temperature figures measur- 
ed in the course of the trials. 


During the snowfalls of January 31st, 
1947, with the heater equipment not in 
service, we were unable to find out 
what the results would be, but the effec- 
tiveness of the arrangement could be 


30° 


VAPEUR _ Autres coussinets 


ro) 30 12° BOW oe 20n tee 


Fig. 5..— New heating systems. 


Dessus du champignon 
FOUCAULT eee Axe du rechauffeur 


poe ae es VAPEUR _ fCoussinet de pointe 


.Y 
\ FOUCAULT _ Dessus|champignon entre 2 réchauffeurs 


Test made in February 1947. 


Value of heating attained as a function of the time. 


Explanation of French terms: 
Hlévation de température en degrés C. = value of temperature in degrees C. 
VAPEUR. — Autres coussinets = STEAM. — Remaining chairs. 
FOUCAULT. — Dessus du champignon dans axe du réchauffeur = FOUCAULT, above the rail head on 


centre line of heater. 


VAPEUR. — 1° coussinet de pointe = STEAM, first point chair. 
JOULE. — Autres coussinets = JOULE, remaining chairs. 
FOUCAULT. — Autres coussinets = FOUCAULT, remaining chairs. 
FOUCAULT. — 1° coussinet pointe = FOUCAULT, first point chair. 
JOULE. — 1° coussinet pointe = JOULE, first point chair. 


FOUCAULT. — Dessus champignon entre 2 réchauffeurs = 


two heaters. 
Temps = time. 


FOUCAULT, above the rail head between 
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judged during the less heavy snowfalls 
which occurred in February. 


b.) At Mulhouse, on the other hand, 
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where the working of the apparatus was 
able to be tested during a rather heavy 
fall on February 7th, 1947, the following 
values were obtained : 


Points No. 790 87 88 
Power of heater tubes . 2 xX 600 W. 2 X 800 W. 1 X 600 W. 
Voltage at terminal of the equip- fic tae POOL. 
ment . Sto oe 27.2 volts 26.4 volts 28 volts 
Current taken 44 amperes 59 amperes 46 amperes 
Power absorbed . 1197 watts 1558 watts 1 288 watts 


The temperature figures taken on the 
stock-rail are given in the following 
graphs (Fig. 6). 

Examination of these shows that the 
heating reaches a figure from about 9° 
to 10° C. above that of the surroundings 
after about 6 hours and then maintains 
itself at that figure. This figure, al- 
though small, is enough to give good re- 
sults, as the photograph in Fig. 7 shows. 


It has been proved by very numerous 
observations that the temperatures at 
which the snow habitually falls are in 
the region of 0° C. (32° F.) and positive. 
No technical difficulty would stand in 
the way of raising the nominal power of 
the heating elements without increasing 
their external dimensions, if a higher 
heating value should be required. 


Il. By Foucault currents. — Each 
heating element (*) is made up of a 
laminated magnetic core of U form, and 
of 36 cm’ (5.580 sq. in.) rectangular 
cross-section, 45 cm. (1’5"/.»’”) long, on 
which is a winding traversed by a 50 
cycle alternating current. The two free 
ends of the U of the magnetic circuit, 
formed perfectly true, are applied to the 
web of the rail and the magnetic field 


(*) Made by the «Société Générale d’Appli- 
cations Electro-thermiques >. 


so set up completes itself in the rail and 
gives rise there to Foucault currents 
which quickly cause its temperature to 


rise. The investigations of FouRIER on 
thermic conductibility and those of Bior 
and LAMBERT, have shown that when the 
balance is reached between the heat 
produced and that lost to the surround- 
ings the heating effect is an exponential 
function of the distance : 


T—T, = (T,:— TDe=e 
T is the temperature at a point on the 
abscissa 2; 


T, is the ambient temperature; 


T, is the temperature set up on the 
centre line of the heating element; 


a is a coefficient dependent on the 
nature and form of the body or object; 
in particular for a 46 kgr. rail we have 
found a = 0.0033 for x, valued in mm. 


The feed voltage at the winding of 
each element is 110 or 220, according 
to the rate of heating up it is desired to 
obtain. 

Eight heaters spaced 1300 m. (4 265’ 
1”) centre to centre, were installed on 
points No. 45%, 4 on each stock-rail 
(Fig. 8). The temperature figure on the 
centre line of each heater, after the ba- 


AIGUILLE 90 
(2x 600”) 


ay 
; a a Température 
r ‘ \ ye ‘ ambiante. 
ae 10) , 
oe : ~<=<= Contre-rail 
ey 8 y lame décoliee. 
a , 
; 6S ~.--— Contre-rail F 
; : lame collee. 
= 4 


Tempstheures) 
rel Dito a Se Gil7 wOu ion ae ‘ 
Temperatures 


AIGUILLE 87 
(2x 800”) 


Temperature 
ambiante. 


~--~-Contre-rai!l tame 
décolliée de Bac 


=== Contre-rail lame 
collée de BaDet 
décollee deAadB. 


Tempstheures) 
42 2 Se Ua oS 


Temperatures 


18 

16 AIGUILLE 88 
(600 + 800™) 

14 Ly ‘ 

12 A ambiante. 

RI A aaa ce ene 


lame décollée. 


wemem Contre-rail 
lame collee. 


Temps*theures) 


4°22 Seamioer 7. Ome ; 
Fig. 6. — Electric resistance heating (new system). 
co 2 Eeplanation of French terms: 
Aiguille = point. 


Température ambiante ambient temperature. 
Contre-rail, lame décollée = stock rail, point open. 
Contre-rail, lame collée = stock rail, point closed. 
Temps (heures) = time (in hours). 

y Contre-rail, lame décollée de B a C et_collée de A a B 
F point open from B to C_and closed from A to B. 
Contre-rail, lame collée de B a D et décollée de A a B 

closed from B to D and open from A to B. 


stock rail, 


ll 


stock rail, 


et collée deAaB. 


Fig. 


7. — Resistance heating (Joule effect). 


RECHAUFFEURS RECHAUFFEURS 


Fig. 


8. 
Réchauffeurs = 


heaters. | esi tht d 


lance is reached. (¢ uae in Fig. Didiy 1S 
given by: 


~~ 


= 25° bah 7 


* ss if r 

Cai EN tA hente 
Between two heaters set at 1300 Di, es 
the heat due to each one will be, by the 
formula cited above : ; be 
T 22 7) Yao bee heron ae 
log (T — T,) = log 25 — 0.0033 x : 

650 log e = 1.39794 oe 0.0033 >< 550 


x 0.43429 = 0.46639 


whence 


JUNE 1948 


The effects of the two heaters, situat- 
ed on each side of the section in ques- 
tion, add themselves to this and the final 
total upper range of rail temperature 
on the section will be about 5°8, which 
is much the same as the experimental 
result (graph, Fig. 5). 


The heaters were connected in half 
groups across each of the phases of a 
two phase supply. Current consump- 
tion figures came out as follows : 


W U I cos, 6 == W 
(watts) (volts) (amperes) Ul 
Phase 1 . 843.75 108 32 0.59 
Phase 2 . 825 107 132 0.58 


This gives a total power consumption 
of 1 668.75 watts. 

Under a voltage of 213 the heaters ab- 
sorbed a total power of 3680 watts at 
29.5 amperes, a cos’ value of 0.58. 

At the time of the snowfalls of 31st 
January, 1947, the heaters were put un- 
der power at 7 a.m. as soon as the first 


. — Heating by Foucault currents. 
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flakes were seen. No trace of snow or 
ice remained on the chairs, although the 
thickness on those points which were 
not kept clear by cleaning was of the 
order of 15 cm. (6) and the points 
were neither cleaned nor served with 
paraffin (Fig. 9). 


Fig. 10. — Condition of points not fitted with 
heaters. 


In Fig. 10 is seen, in comparison, a 
pair of non-heated points. 


Steam heating. 


When in 1937 tests with heaters were 
being carried out at Belfort station, a 
trial was made with a steam heater af 
the same time as the electric type were 
being tested. 

Two double slip switches (points Nos. 
238/239 and 253/254) were so equipped 
and in 1941 steam heating was extended 
to points Nos. 259/260, 225/226 and 
217/218. 

Like the electric heaters, the steam 
heaters were completely destroyed in 
the 1944 bombardments. 

The heating elements were formed of 
steel tubes 15 x 21 flattened on the side 
next to the outer face of the head of 
the rail to which they were attached 
(Fig. 11). 


ae, Aas ao of en heen Pease “4 
by the locomotive fireman allowed the 


admission of steam to the piping runs to 
be controlled. 


Elément cheuffant_ 
Tube delS,, soudé sur 


élément chauffant | 


Fig. nie EES heating. ‘ Rk Le ae 


Explanation of Prench terms: foe not ee 


‘Elément chauffant = heating element. 


Tube de 15/21 soudé sur l’élément chauffant = 15/21 tube welded to heater element. Lae da: res 


Brides rondes de 15/21 = round 15/21 flanges, 
Tube de 15/21 = 15/21 tube. 


Pressure, as shown on the locomotive 
steam gauge, was required to be between 
4.5 and 6 ker. 


In 1946, we took up trials again, with 


equipment practically the same as that 


used at: Belfort, at Paris-Est Station. 
The heater used is formed of two iron 
tubes, 27 mm. (1'/.’’) outside diameter, 
and 9.80 m. (3271'/,.”) long, placed along- 
side each stock rail and attached with 
their flattened faces against the outside 
of it. The two tubes are connected to- 
gether at each end and branched in 
parallel on a high pressure steam pipe 
run. A cock placed on the spot in the 


feed pipe to the tubes allows of the 


ee Brides rondes de Sy, 


tained, is the most 


soa | a 


i 


Comparison Bemmecn results obtained. 


a) The steam heating 
son of the greater. hea 


shows, but Fhe Ss serio 

tages : \ ; 
(1) Blockage of ‘the pipe rw 

Meee bn he. se nse \ 
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was a long operation where there were 
many sets of points fitted with steam 
heaters. 


(2) Complicated nature of the installa- 
tion (pipe runs, cocks, etc.) when ex- 
tending it generally over a number of 
points, by reason of the appreciable 
distances separating them from the spot 
where the steam is generated. Opera- 
tion and adjustment of the stop cocks 
and drain cocks takes a long time and 
requires much care. 


Fie. 12. — Steam heating. 


(3) Rapid deterioration from oxida- 
tion of the tubes, attachments and runs, 
leading to constant and heavy mainte- 
nance. 


(4) System rendered inoperative in 
the case where the source of steam 
breaks down, resulting inevitably in 
freezing of the pipe runs. 


b) The two electric devices give sub- 
stantially the same results. However 
the power absorbed by the one working 
by Foucault currents (1670 watts) is 
slightly greater than that of the heaters 
using the Joule effect (1475 watts) and 
the power factor of the first type (0.58) 
is lower than that of the second (0.98). 

The heaters working by induction 
would have the advantage of being able 
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to be taken down easily for inspection 
and stocking at the end of winter and 
refixing at the approach of the cold 
weather. The expense of so doing 
would be compensated by saving in 
maintenance charges. 


The resistance tube heaters would be 
more delicate to remove and it would be 
preferable to leave them in place all the 
time. Their maintenance too would be 
reduced if they were to be made of 
stainless steel, a possibility in the future. 
These devices, less expensive than the 
induction heaters, take up less room and 
are more easily applied to points. The 
closing off of the inlets and outlets to 
the tubes would need to be improved 
by using a special cement having a coef- 
ficient of expansion equal to that of the 
metal of which the tubes are made, in 
order to avoid all chance of moisture 
getting back into them. 


As these resistance elements are cap- 
able of being fed at very low voltage, 
it will always be possible to choose the 
voltage desired, so that no defect in the 
insulation can bring about an irregu- 
larity in the working of the track cir- 
cuit. 


Conclusion. 


The steam system is not suitable for 
adoption for the reasons stated. 


The electric systems, susceptible of 
improvement from the point of view of 
insulation and the quality of the mate- 
rials, are alone acceptable and are cap- 
able of giving every satisfaction. 

The levels of temperature reached on 
the chairs are of the order of 6 to 9° C, 
(42.8° to 48.2° F.) and seem to be suffi- 
cient, while they are capable of being 
modified easily by altering the internal 
resistance of the heating elements. 

As a guide, it may be mentioned that 
the application of electric heating to the 
125 pairs of points essential to the work- 
ing of Paris Est Station would involve a 


total lead bi 200 0k ie 
Joule type heaters 
_ those ore a Fo 


Examination of the effect of the alternat- 
ing current on the working of the track 
circuiting. . 


1. Laboratory tests. 

These tests involved : 

a) a standard 22 2Q track relay ; 
. b) an Est type 22 20 track relay. 


By’ connecting up on the potentiometer 
ane principle the minimum alternating voltage 
; which would just cause the relay to close its — 
Pio. ein front contacts was ascertained. The figures 
m* ; given correspond to a voltage gradually in- 
~ -_ ereased from 0 up to the pick-up value. 


Va = - The minimum alternating voltages 50 P/s — 
a ¥ at which the relay closes its contacts were 
found to be : 

ers for the Est type (4Q) track relay 44 volts, 


for the standard type (4Q) track relay 
45.5 volts. 


By reducing this voltage gradually, it was 
i found that the relays opened their contacts _ 
at values of about 1 volt less than those 
_ given above. 


> +110 (=) 
ou 10 iA 


’ 


- 2. Tests on the track. 


These tests were carried out on points 

No. 76’ in relatively dry weather, the last 

> fall of rain having taken place about 24 
. hours before. The connections used are 
; shown in the accompanying diagram. The 
track relay was an Est 22 20 type. In order 

to compare the value of the potential differ- 

ence at the elay terminals as a function of 
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With 50 volts at the rail a short circuit on 
the track produced the fall of the relay in 
the proper manner without any adverse ef- 
fect. 


b) Direct current : 


Voltage applied Voltage at terminals 
Vi. of track relay V2. 
0.66 0.52 
15} AA. 
2 1.64 
3 2.5 
6 5.05 
10 8.4 
21 18 


These results have been set forth in the 
curves on the accompanying diagram, and it 
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appears from them that if, by reason of a 
double coincidence, the two connections of 
the feed to the heater resistances situated 
on each row of rails were to become con- 
nected to the body of them, the track relay 
of the insulated section concerned would be 
able to become subject to the alternating 
heater circuit voltage. The protecting fuse 
in the track relay leads would at once blow, 
during the brief interval that this alternat- 
ing voltage was applied, but safety would 
be assured nevertheless, for even if the relay 
were to become energised it would drop 
away when an axle short-circuited the in-- 
sulated section. For greater safety however,. 
it would be preferable to use a heating: 
voltage of less than 43 volts. 


=e % ; . 
aE Sat OD, PS 
Heb. nad 


for calculating new or corfected versed sines and the rine of 2. Sve 
hy ; : displacement required for correcting curves, lel sc 
a pen | by L. BIENFAIT, As, dies oe 


Inspecteur au Service de la Voie et des BAtiments de la Région du oval dé la 
Société Nationale des Chemins de fer francais. 


M 

+ 

. (From the Revue Générale des Chemins de fer, May-June, 1946.) 
‘ ae ’ Me “st 

= ~ 7 

t 


For many years, the study of railway curves has occupied engineers and 
mathematicians, particularly since increases in speed necessitated the introduc- : 
tion of progressive or parabolic transition curves. a ~ 


However, the alignment, whilst it may be perfect when the line is laid, does 
not remain so; the forces exerted on the track and inequalities of strength in the 
sleeper bed and in the rail seat all tend to cause gradual distortion in alignment 4 
as well as in track level. These distortions increase the stresses set up by 5 
rolling stock and the risk of accident increases. 


It is therefore important to ensure a permanently suitable alignment or to 
remedy the defects as they arise. The method generally adopted for this purpose 
is to take equidistant versed sines and to calculate the correction which must be 
made in the distorted curve to bring the versines constant in circular curves 
or regularly progressive or regressive in transitions. 


The various methods, based purely on calculation and comprising the choice 
a priori of new regular versines — i.e. constant or progressive — from which, 
according to the existing versines, the amount of displacement is reckoned, still 
leave the initial dimensions to be modified if the variations are too great, or 
impractical owing to fixed points. These modifications are however very 
delicate and lead only gradually towards the ideal position, which is to have a 
minimum of displacement throughout the length of the curve, and which one 
may say is never obtained by straight calculation. . 


An easy method without calculation, but one which demands experience and - 
care, is correction by successive approximation from stake to stake, applying 
simply the initial theorem: a deviation «r» towards the outside at one point 
of a curve increases the versed sine at this point by an amount «r» and reduces’ ~ 

ie 
the versed sine at the points on each side by an amount a . 
It was decided to try this method mechanically. Mr. BIENFAIT, Inspector, ; 
' Nord Region, whose inventive faculties I was able to appreciate when I worked . 
with him on the Organising Commission of the Nord Railways some twelve years 
ago, set himself to find a solution to the problem. ; 


After years of study, test and trials, he succeeded in creating a small machine 
\ which, without having the degree of perfection of some of the latest American 
mechanical calculators, is portable, gory handled and makes light work of the 
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fairly involved calculations required in correcting curves by the versed sine 


method. 


The Mechanical-Diagram-Corrector can greatly simplify the regularisation of 


curves by correction of the versed sines; 


its use by the whole Permanent Way 


Department of the French National Railways has just been agreed. 


Ingénieur en 


LEDUC, 


g Chef au Service technique des Installations fixes 


Verification of the alignment of curves. 


In verifying the alignment of curved 
track, use is made of an elementary geo- 
metrical property of circumference, by 
which ares subtended by equal chords 
have equal versines. 


= 


de la S.N.C.F. 


The versines obtained are drawn full 
size at 5 or 10 mm. distances, giving a 
diagramme which is an exact reproduc- 
tion of the curve, and which shows ac- 
curately any irregularities. 

In a perfect curve the versines, which 
are nil for straight track, increase regu- 


}——- 


N@des piquets Pi 2345 6 789 0 2 1314 15 16 7 18 19 20 21 22 23 


Ae eS 


Fléchesenmm. Fo 3 32 17 23 7 59 63 62 66 70 79 68 615] 50 4030 2012 6 2 ¢ 


Fig. 1. 


Explanation of French terms: 


N”™ des piquets 
Fleches en mm. 


The present method consists in mark- 
ing one of the rails at equal distances 
(say 10 metres) and measuring the vers- 
ed sine at each point from a chord form- 
ed by a steel wire stretched between the 
points on either side of the one whose 
versine is to be measured. 


No. of the pickets. 
versines in mm. 


larly in progressive transition curves to 
a constant maximum in the circular arc. 

Figure 1 shows the diagram of a curve, 
one part of which is of satisfactorily re- 
gular alignment and the other part of 
which is irregular and requires re-align- 
ment. 


on foe eens Sencar ell versines by 
new versines and the corresponding dis- 


placement required, so as to correct ins 


regularities in curves by slewing the 
tracks. ‘ 

The basis of the methods of calcula- 
tion is the same elementary principle 
which can be formulated as follows: in 
a curve, it is possible to change the 
value of a versed sine but the value 
of the versed sine on each side is by 
this fact found to be altered by half the 
amount of the first alteration in an in- 
verse direction. 

(This principle is not absolute, but in 
curves having such a large-radius as has 
railway track, the generalisation is suf- 
ficiently accurate for all practical pur- 
poses.) 

Fig. 2 shews this principle diagram- 
matically. If the versine at point 3 is 
increased by an amount d, the versines 


d 
at points 2 and 4 are decreased by oo 


a 


The different methods of calculation, 
all fairly similar, give good results, but 


Fig. 2. 


contain several complications; they re- 
quire fairly long calculations from which 
trial solutions cannot be excluded, and 
need some experience for correct ap- 
plication. 


In brief, the methods provide for the 


alteration of the measured versines f1, 


ation of ie hae s prin 
thods of correction represe 

eal erouys in the 
fornirge a p 


‘ ; tu es : 
size at re eS a Rr ane allows a e 
rapid determination, without calcu 


tion, of the new versines F and the . 


responding displacement d required to. : 
replace the measured versines f. u ities 
The Me-di-co is therefore a calculating << » 
machine and at the same time a mech- — m 
anical diagram, presenting the method one 
of correction by versines with all the ay 
requisite flexibility and even with pos- 


sibilities which are in practice not ob- « 
tainable by calculation. — a 


Description and operation. , 


In the Me-di-co (see diagram, fig. 3) 
each of the versines obtained on the site ae et 
is registered by a screwed rod forming 
a worm gear (1), which is rotated to ~ 
cause lateral displacement of a small 
block (2) provided with an indicator (3) an 
which runs in a slot (4) graduated in — J 
millimetres (5). Each screwed rod (1) 
has, grub-screwed to its ends, a 30-t« oth- va 
ed gear (6) and a 15-toothed, end ut, 
pinion (7). 4 

The gears (6) and (7) are staggered — 
on the successive rods. 

The end of each Sey = yd which =a 
cut square (8) - individual 
operation of a: 
handle shewn in 
See moves BES sg 


Tee, 
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pinion (6) of each screwed rod, but 
having only half the number of teeth 
(15-toothed), the end of the handle (10) 
engages with the pinion (7) of the rods. 

This handle can be placed on the 


BULLETIN OF THE InT. RAILWAY CONGRESS ASSOCIATION 


379 


versines are obtained which give the re- 
quired diagram. 

The Me-di-co also provides, without 
calculation or additional operations, the 
corresponding 


displacement at each 


pinion (7) end of each rod, engaging 
on the end with that pinion and at the 
sides with the pinions (6) of the neigh- 
bouring versines. 


Fig. 4. 


By rotating this handle, the indicator 
on the screwed rod is moved as far as 
necessary in the desired direction, but 
the indicator on the two neighbouring 
rods moves half the same distance in 
the opposite direction. 

The versines originally measured are 
thus modified as necessary (small ones 
increased, large ones reduced) by the 
manipulation of the three versines en- 
gaged by the handle with pinion. 

By successive improvements to the 
diagram of the recorded versines, new 


point, that is the amount of displace- 
ment to be given to the track or to the 
pickets to give the new versines. 

This particularly important function is 
performed in the following manner : 

During the manipulation of the geared 
handle, the index for each versine car- 
ries out two kinds of movements : 

(1) direct movements; those having a 
value + or — d of the versine on which 
it is set by the geared handle; 


(2) indirect movements; those having 


a value of 
a 


d : ; 
a resulting from the direct 


= 


movement of one of the two adjacent 
versines. 


Sonat is ihe nueeraee sum ae thé 


The Me-di-co records and indicates 
ae displacement in the following man- 
ner: See Fig. 6 (transverse pees a 
are diagrammatically). 

Above each screwed rod (1) i ‘tie 
pinion (7) end, is the revolution coun- 


ter (11) which, through the pinions (12) _ 
and (13) and the geared handle, records 


the direct movements of the correspond- 
ing index (3) effected by this handle 
rie 


N 
BANNED 


WITTE. 


The relation between the number of 
teeth on the pinions also engaged (9), 
(12), (13) and the pitch of the screwed 
rod is such that the revolution counter 
(11) counts one when the indicator (3) 
has moved 1 mm. 

The counter works in both divechane! 
marking 1, 2, 3, etc... positively, and 
9999, 9998, 9997, etc... negatively. 

Moreover, each counter can be set in- 
dividually at zero without altering the 
adjacent versine, by using the handle 
shewn in fig. 4 on the end of the counter 
pinion shaft (14). ‘ 

The Me-di-co has on the top, at the 
right of each versine on the counter side, 


indicator numbers correspond to 


ead IL yet onGRESS A 
way Con es 


“a 
ewe: 
ae 1 


dual direct movements of the index ¢ cor- 
responding to this point. 


ed number o vi r 
The; prototype 
comprising ‘32° ver. 
ol mm. Cad ees 


38 cm. (eae in 
((2°/”) deep. The > 
Ibs.). It is quite | 
with carrying handle, has | 
(Figs 7: 

The 32 versines of 250 m 
prototype, provide for all 
since any alignment which h: 
dealt with can always be sect 
by 30 pickets. 

Use of the device. 

The very simple operation of the Me- at 
di-co is implicit in the description of ‘its aye 
manufacture and arrangement detaiees ie 
in the preceding chapter. ; ad MET, 

To calculate a re-alignment, | it is eer if 
necessary to carry out the following opera- a a 
tions : : 


1. — Set the counter at zero. 


» an 
i 
Se ie 


Put the counters at zero successively by 
rotating, in the required direction, the | 
square-ended shaft of each counter, using ye 
the appropriate handle. : 


2. — Set out the diagram requiring ‘cor- 
rection. . aid alle 


a) set the ‘moveable slides ie. 


or track point numbers. 

b) move successively, 
amount, the indicat 
ing the screwed 
rection by ha t 
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three successive versines, using the geared 
handle (reducing excessive versines and in- 
creasing small ones). 

Facility in operation is easily acquired ; it 
is sufficient to know how to read the dia- 
gram, which can be improved and moulded 
to suit the manipulator. 


4. — Assessment of results. 


a) the new versines are shewn directly by 
the position of the indicator on each rod, 
along the corresponding millimetric gradua- 
tion. 


ey 


= 


b) the amount of movement is shewn by 
the counters for each versine. Negative 
movement (towards the interior of the 
curve) is shewn by the figures on the 
counter. 

Example : If a counter shews 0082, the 
negative movement is 82 mm. 

Positive movement (towards the exterior 
of the curve) is indicated by the figure to 
be added to obtain 10000 at the counter 
figures. 

Example : If a counter shews 9932, the 
positive movement is 68 mm. 
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All re-alignments which can be cal- 
culated can be dealt with more effect- 
ively by the Me-di-co; circular curve, 
transition, complete curve, improve- 
ments wholly or in part, modifications 
to the alignment, lengthening of the 
transition curve, coverage of fixed 
points, compulsory radii, etc. 

The employee who can satisfactorily 
read and understand a diagram, who 
appreciates the possibilities and _  ac- 
curacy of the method, can rapidly ac- 


facility in opera- 


quire experience and 
tion of the apparatus, 


y for him to know 
how to correct a curve by calculation to 
use the Me-di-co. 


It is not necessary 


Fig. 8 shows the state of the apparatus 
after correction of a curve.. The indica- 
tors shew the new versines and the 
counters shew the movement; in addi- 
tion the original diagram has, been super- 
imposed to facilitate comparison. 
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N“& des Piguets Pl o 4 ary 1a) a4 12 19 45 16 «17, 19 20 2 22 23 26 
Fleches relevees f | 0 7 14 40 46 7% 82 123 87 109 72 116 121 107 106 100 105 a9 6 4 6 22 4 O 
Fleches _ |Calcul| © 7 2 37 53 69 85 100 103 104 104 104 104 104 104 104 101 &7 72 59 44 28 15 0 O 
nowelles [Médico | 15 8s 195_is 50s 68 Bs $92 Wis 1045105 105 105 1045 105 105 1035.96 76 58 39s 2358 2 0 


deplacement Calcul | 0 0 0 4 -2 


—+——+— 


-44-56 -74 -46 -50 -44-102 -136 -136 -130 -120 -118 -108-94 -56 -56-22 0 0 O 
SS St mp pt 


Medico) 0-3 -9 -26 -26 -35-32 -38 +3 +f +28 -18 -42 -36 -25-12 -9 -3 “11-3 -# “16 - 0 0 


Wig.) 9) 


Explanation of French terms: 


N™ des piquets P No 


..of the pickets P. 


Fleches relevées f = Existing versines f, 


Fléches nouvelles F 
Déplacements d 


Advantages. 
The Me-di-co has the following impor- 
tant advantages over calculation : 
“1. — Complete obviation of calculation. 


As shewn above, the Me-di-co provides 
new versines F and the amount of dis- 
placement d from the existing versines f. 


2. — Considerable reduction in the time 
required for correction. 


The Me-di-co reduces by more than 


= New versines F. 
displac 


ements cl. 


4/Sths. the time required for office work. 

Whilst an average of two hours is 
necessary to calculate a curve marked 
out with 30 pickets, half an hour with 
the Me-di-co is sufficient to give a satis- 
factory solution. 


3. — Considerably less displacement re- 
quired. 


The Me-di-co provides for the original 


diagram to be modified progressively to 
the new alignment by successive im- 
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provements, limited to three-picket dist- 
ances. 


.The displacements are not, as is the 
case with calculation, affected by arbi- 
trarily fixed versines, nor by the ne- 
cessity for balancing moments. 

The Me-di-co has dealt with diagrams 
which had already been corrected by 
existing methods; solutions were obtain- 
ed by the Me-di-co which were just as 
good practically as those obtained by 
calculation with the amount of displace- 
ment reduced by 4/5ths. and more. 

Fig. 9 gives comparative results for a 
curve deait with by calculation in a note 
on curve correction. 


The results obtained are practically 
identical. The average displacements, 
however, are 75 mm. (2/u’’) by calcula- 
tion and only 19 mm. (#”) with the Me- 
di-co. 

The possibility of reducing displace- 
ment to an absolute minimum is the 
most important advantage provided by 
the Me-di-co. It reflects large economies 
in labour in setting out corrected curves. 


4, — Permanent indication of the dis- 
placement. 
Whilst calculation only shows the 


amounts of displacement at the conclu- 
sion of the corrections, the Me-di-co 
shews them continuously during the 
operation. 


The counter for each picket gives, in 


effect, the corresponding displacement 
permanently. 
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This result is very important, as it 


.guides the operator and facilitates the 


determination of minimum  displace- 
ment, correction through fixed points or 
compulsory displacement. 


5. — Flexibility in use. 


Its facility and speed in use, the per- 
manent indication of successive dia- 
grams and corresponding displacement 
give the Me-di-co great flexibility in use. 

Whilst calculations are often delicate 
and long, the Me-di-co is quick, visible 
and pleasant to use. 

Under present practice, an employee 
works a full day on a special investiga- 
tion into a 50-picket correction, and se- 
lects one of 4 or 5 tentative solutions. 
The Me-di-co will, in a similar case, give 
a selected result in less than an hour, 
chosen from a succession of more or less 
satisfactory diagrams. 


Use of the Me-di-co for new alignments. 


The foregoing explanations deal main- 
ly with the use of the Me-di-co for cor- 
recting curves, but it can also be used 
to advantage for new alignments. It is 
in practice sufficient to stake out equi- 
distant points following the general out- 
line of the desired alignment and deal 
with this as a curve needing correction. 
Moreover, as a first step, the versines 
can be measured in cm. instead of mm., 
the Me-di-co will then give, in cm., the 
amount of displacement required at each 
stake. 


nal uiwere ees rita 
and reconstruction. 

e war the equipment of the 
in good state of repair, and 
ing modernised at a relatively 


good indication of this. The gen- 
| iit of 120 km. (75 miles)/h. had 
sn increased to 130 and 140 (80 and 


ertain trains. The rolling stock, though 
1 1 sufficient to meet the traffic 
E quirements of the period, was of vari- 
lypes and rather old. The average 
wy age of the steam locomotives and wag- 
-gons: was 28 years, and that of the coa- 
Tus ches 24 years. However they were all in 
an excellent state of repair and the foun- 
-Z dations of the system were good and 
solid. This is proved by the truly re- 
_ markable performances achieved during 
the the battle of France. 
aA At the time of the liberation the system 
was in a truly dreadful state. A few 
figures will make this clear : 2 603 brid- 
' . -€es d viaducts had been destroyed, 
45 unnels, blocked, 4870 km. (3 025 mi- 
les) of track destroyed, 14 040 sets of 
_track equipment destroyed or removed. 
The map showing the bridges that had 
been destroyed end the sections of line 
oe where no traffic could be Pun is very 
4  eniig ghtening. 
___ The re-opening to traffic was carried 
" out remarkably quickly. The author 


mags 


gives the principal stages which were 


‘ pushed through very rapidly. At the 
> date of publication, nearly the whole of 

the ‘system (about 40000 km. = 24 855 
a ie aa was once ‘more in operation, 


(The reconstruction of the French National 


2 ways (S.N.CF.), 88, rue Saint-Lazare, Paris. 


whereas at the beginning the workable 
lines consisted of a few isolated sections, 


speed. The train speeds are a 


miles) /h. on certain lines and for 


f 28 | ‘pages and numerous illustrations. — 


totalling not more than 18000 km. 


(11184 miles). At the same time the _ 


electrical installations were being re- 
paired together with the mechanical 
equipment of the track. 

Impressive figures are given conceru- 


-ing the repairing or rebuilding of pas- 


senger and goods stations, as well as of 
marshalling yards. \An exceptional ef- 
fort was made to rebuild the vital in- 
stallations in the shops and sheds, so as 
to give the minimum of room and equip- 
ment needed. More than 2 000 machine 
tools, either new or repaired, to men- 
tion only one item, were put back into 
service. 

As for the traction and rolling stock, 
without counting wear due to well- 
known causes, this was numerically very 
insufficient : 3000 steam locomotives 
only were in working order out of a 
total of 17:058 at the outbreak of hostil- 
ities, only 172000 waggons of various 
origin were usable, whereas in 1939 
there were 478000 waggons; 8 000 coa- 
ches and vans could be used compared 
with 37700 coaches and vans in 1939. 


-The author gives the measures taken to 


build up the stock again; the marshalling 
of all the resources of the French Na- 
tional Railways and private industry to 
undertake repairs on a priority basis for 
important periodic maintenance opera- 
tions and orders placed abroad (in the 
United States, Canada, and England). 
On the 15th May 1946, the French Na- 
tional Railways had at their disposal 
9600 steam locomotives, 15 800 coaches 
and vans, 265 000 waggons and 950 elec- 
tric locomotives and railcars. Recovery 
of stock from Germany and the occupied 
countries had not been very successful 
up to that time. 


devo- 
Non ‘of ae staff of the Henan NiGORE 


Railways and private firms who had to F 


work under dreadful conditions. The 
efforts made are shown by the way im- 


portant work was carried out in record 


time, such as the repair of the Ville- 
neuve-Yard double group of lines in 
5 days, and the rebuilding of the Main- 
tenon Viaduct in two months, a structure 
320 m. (350 yards) long, where 22 arches 
out of the 32 had been completely des- 
troyed. In nearly all the shops and 
sheds the men work 54 hours a week. 

Graphs show the progress made in the 
mileage and traffic. We will merely 
state that the number of tonnes-kilome- 
tres for goods traffic is higher now than 
in 1938. The number of waggons load- 
ed is less, but the average load has been 
increased from 9 to 12 tonnes and the 
average distance of the run has increas- 
ed from 200 km. to 285 km. (124. to 
177 miles). 

However remarkable the results achiev- 
ed in the sphere of restoring the lines to 
traffic and rebuilding the equipment 
needed immediately, this is however 
only the first stage of the task with 
which the Management of the French 
National Railways is faced. Much of 
the repair work and rebuilding is only 
of a temporary character. The final 
measures have still to be undertaken. 


_ this programme. - 


dernisation of ‘the permanent 
signalling, the passenger ar ae a 
tions and marshalling yards ‘the 
and shops. Development of 


5 < eal 
made to have new end stan 5 
steam locomotives. The electric Wed 
Ved, 

motives will be of the most appro > 


types. As far as diesel traction is con- 
cerned, trials made before the war make 
it possible to go on to the industrial 
stage. Passenger coaches will be lighter — 
and better designed; separate wheels 
and axles will be replaced by bogies. 
Three types of railears only have a 
retained as the basis of future construc- 
tions. Apart from special waggons, the = 
types of waggons will be very few in 
number. 

This bold programme shows the will- | 
ingness of the Railway to renovate its 
equipment and its methods in order to P 
contribute as much as it possibly can _ 
towards the renaissance of the economic 
life of the country. 


ci 4 a 
This is the subject of the last part of the . E. M. 
[ 385. (09 (.494) ] ' Wr ion p 
Le Centenaire des Chemins de fer suisses (The Centenary of the Swiss Railways). Lent oth 


A special issue of the Bulletin technique de la Suisse romande. July 12th 194 
A brochure (8*/; < 12*/s in.) of 48 pages, with numerous illustrations. — 1947, 


sanne, Librairie F. Rouge & Cie. 


_ The Swiss Railways go back to the 
year 1847. On the 9th August of that 
year the first Swiss line was inaugurat- 
ed. This linked up the towns of Zurich 
and Baden, and was 23.3 kilometres 
(14.477 miles) long. 
the 14th Session of the International 
Railway Congress Association which was 


The Delegates to 


hibition Peed ho fhe Federa Rai * 
ways in celebration of this anniversar ay 
TBey were even ae, to fo in are- — 
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advised in publishing a special railway 
number to commemorate this event. 
They asked the Engineers and Higher 
Officers of the Federal Railways most 
qualified to do so, to give reports on 
their special subjects. These reports as 
a whole give a very clear picture of the 
railway system under its most character- 
istic aspects. 

In the introductory note called « The 
Federal Railways and their Construc- 
tions » Mr. Maurice PascHoup, General 
Manager of the Swiss Federal Railways, 
gave himself the task of showing how 
the management of the railway has car- 
ried out the mission with which it was 
entrusted and what still remains to be 
done to meet successfully the competi- 
tion of road and air transport. The 
development of this theme gives him the 
opportunity of insisting upon the most 
recent innovations reported by other 
contributors to the Review. These have 
dealt in turn with the following sub- 
jects : bridges, the permanent way, sign- 
alling and safety equipment, Lausanne- 
Sebeillon Station, the light weight rolling 
stock of the Federal Railways, certain 


electrical installations, and the timetables. 


It is very inspiring to read these notes. 
They make it possible to appreciate the 
pioneer spirit of the technicians of the 
Swiss Federal Railways. 

As it is not possible to give a complete 
analysis of the book, we must limit our- 
selves to a few remarks. In the article 
on bridges, which is beautifully illustrat- 
ed, amongst recent constructions, the 
Lorraine to Berne Viaduct is dealt with, 
a reinforced concrete structure 1100 m. 
(1 202 yards) long with a 150 m. (164 
yards) span over the Aar, the largest 
four track railway bridge in Europe. 

The dominant preoccupations of the 
permanent way engineers are : modern- 
isation of the track, organisation of 
maintenance works, and mechanisation 
of the work. 

As regards signalling, mechanical sig- 
nal boxes are being progressively replac- 
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ed by electric signal boxes, and the block 
system and track circuits are being used 
more and more. The automatic block 
has been used in some cases. (Centralis- 
ed control of the points and signals is 
in operation in the St. Gothard tunnel.- 
Mechanical distant signals are being re- 
placed by light signals. The Signum 
system of automatic braking of trains is 
in general use on the electrified lines. 

‘Lausanne-Sebeillon station is a good 
example of the complexity of the ques- 
tions raised by the modification of a 
station and the huge expenditure involv- 
ed in important alterations. 

In his article : « The light weight roll- 
ing stock of the Federal Railways » Mr. 
GUIGNARD, who was one of the Reporters 
for the Lucerne Congress, gives details 
and very instructive data concerning the 
weight reduction not only of passenger 
stock but also of electric motor vehicles. 

In view of the part played by electric 
traction in Switzerland, it can well be 
understood that in connection with rail- 
way electrical installations, the distribu- 
tion of the traction current has been 
very carefully investigated. In the 
sphere of telecommunication, the Swiss 
Federal Railways have developped auto- 
matic telephony to such an extent that it 
is possible to telephone from any station 
on the system to any other, and the tele- 
printer has been installed in all stations 
where rolling stock has to be allocated. 

The phrase « fimetables » covers the 
whole organisation of the trains, i.e. the 
whole system of train communications. 
It is very curious to see an explanation 
of such concrete facts as that the desi- 
derata formulated in this connection 
have led to modifications in the equip- 
ment and rolling stock, and how in their 
turn the fixed installations limit the pos- 
sibilities of the timetable. All the re- 
sources of modern science are used to 
shorten the journey times : electric trac- 
tion, light self-contained units, light 
weight stock, the best layout of the lines 
and track equipment. (In Renens Sta- 


ho 


. 


tion, the junction points can ive run 
through at a speed of 90 km. [56 miles] 


per hour.) 

The author of the last note ends by 
stating that the Swiss Federal Railways 
have doubtless made many improve- 


ments in the timetables during the last 
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_ way Publishing Conmety, Las 33, Tothill Sireet, Warsdaeess ‘Ss. W. As * (rie 


Thiseis the fourteenth appearance of 
this annual handbook, the first number 
of which appeared in 1934. Its object 
is to give those interested in the railway 
a collection of very useful statistics and 
various information in a small sized 
volume at low cost. 

_ The statistics are confined to the rail- 
ways of Great Britain and Ireland, but 


the information given concerning the 


railways of the rest of the world make 
it possible to make useful comparisons. 
For example we might mention the mile- 
age of the railways in the five parts of 
the world, the highest altitudes reached, 
the longest tunnels, the longest non-stop 
runs, the fastest runs, the longest straight 
section of track. As regards electric 
traction, the author has devoted a lot of 
space to this subject in view of the re- 
markable development of this method of 
traction. 

The reader of this book will find that 
the most varied subjects are covered, 
great care being taken to stress the gen- 
eral principles and most striking features. 
The different kinds of locomotives, the 
stock used for traction and transport, 
compressed air and vacuum brakes, the 
make up of the permanent way and its 
maintenance, loading gauges, etc., are 
amongst the numerous questions dealt 
with in this way. A fairly extensive 
note deals with the present stage of de- 
velopment of signalling in England. 
The author gives a brief history of the 


use of liquid fuels on locomotives which — 


1946 ee aeen Eye equipping he ‘t pkg “= 
locomotives in this way.) of doe 

To go back to the statistics ae ‘the . “45% 
Paelise Railways, the development of 
the lines is given, the strength of tiene 
stock, the mileage run and the fuel con- 
sumed, for all the railways, for the years 
1930 to 1946. Another table gives the 
general operating results for the yearSe= dee 
1842 to 1894. ; 

No doubt this is the last time that ask 


‘review will appear in its present form 


for the four main line railways created 
by the 1921 Amalgamation. The law 
passed on the 6th April 1946 (Transport. 
Act) has decreed the nationalisation of 
the whole of the British railways and ; 
part of the road transport undertakings. — 
As regards the railways, the date of na- 
tionalisation was fixed for the 1st Janu- 
ary 1948. The author gives a brief re- 
trospect of the proposed reform, men- 
tions the undertakings which will 
affected, and gives some idea of the ne\ 
organisation. About 60 railway und 
takings extending to 52000 miles 
nationalised. To these must be ad 
1640 miles of canals and waterways. ae A 
Hovever many cope aiat Vv hicles now x ‘c 
nee Ww not Mai in- a] 
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MOSER, (Alfred), former engineer of the Swiss Federal Railways. — Der Dampfbetrieb 
der Schweizerischen Eisenbahnen (Steam operation on the Swiss Federal Railways), 
3rd edition, with a supplement for the years 1937-1947. — One volume (9'/. % 12°/; in.) 
of 426 pages, with 342 figures and numerous tables. — 1947, Basel: Verlag Birkhauser, 
Elisabethenstrasse, 15. (Price: 30 Swiss fr., cloth bound.) 


This book is the third edition of a 
work which has already appeared in 
1923 and 1938. The second edition was 
reviewed in the December 1938 number 
of this Bulletin. 

The present edition has been complet- 
ed by a supplement giving the modifica- 
tions made between 1937 and 1946 in 
the numbers of Swiss locomotives as 
well as a series of additional notes of a 
technical or historical nature. 

There are 38 additional figures in this 
supplement, mostly photographic, to 
complete the valuable documentation 
previously collected. 

The supplement has been published 
separately as a pamphlet of 32 pages for 
those who already have the previous 
edition (*). 

The book is a very valuable document 
concerning the history of steam traction 
on the Swiss railways from their very 
beginning. 

It covers not only the standard gauge 
railways, but also the narrow gauge lines 
and the rack railways. 


(*) The supplement (years 1937-1946) has 


been published separately for the Centenary of 
the Swiss Railways in 1947. — Publishers : 
Verlag Birkhiiuser, Basel. It is a brochure 
(9 »% 12 in.) of 32 pages with numerous 
illustrations. (Price: 8 Swiss fr.) 
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The first chapter deals with the birth 
of the Swiss railways and the gradual 
development of the present system. 


The author then reviews the way in 
which the stock of steam locomotives 
has been constituted, increased and mo- 
dified during the course of the century 
which has elapsed since then, classify- 
ing them on technical bases. He men- 
tions the improvements made during the 
course of time, covering each part in 
turn. 

The book then gives detailed informa- 
tion on the types of locomotives which 
have been used on the Swiss lines, the 
name of the maker, the year, the number 
put into service, the year they were 
modified, as well as all technical details 
of their construction. This information 
is completed by many drawings and 
photographs. 


From one end to the other the work 
shows the author’s love of his work and 
the pasionate interest he feels in this 
vast subject. This makes it a particu- 
larly readable book. It is however 
above all a work of reference where all 
lovers of the steam locomotive and its 
history can find information unobtain- 
able elsewhere. 

JEONG 


Die Verkehrsmittel im Dienst der Wohn- und Siedlungspolitik. (Means of transport to 
serve the country’s domestic and social policy). Publication of the administrative course 


of the Higher School of Commerce of St. Gall. 


Volume 3. — One volume (5°/, x 


8*/s in.) of 132 pages. — 1944, Einsiedeln/Zurich, Maison d’Editions Benziger & Co. A. G. 


There is no need to insist upon the 
important part played by transport in 
the life of a nation. It forms the basis 
of a whole crowd of diverse activities 


which are nearly all vitally necessary : 
the transport of raw materials or finish- 
ed products and foodstuffs, the journeys 
of workmen, businessmen, clerical staff, 


° re, ‘ > rj K e 
and scholars. , holiday journeys a and foun 
rist traffic, scientific, cultural or. sports 


meetings. ; ’ ; Fy 


To be effective eee must be — 


adapted to the various objects for which 


it is required and the great multiplicity 
of the fields in which it plays an essen- 
tial part makes this matter particularly | 


difficult. The question is becoming 


“more and more vital at the present time. © 
In many countries, besides Switzerland, 


there has been a concentration of indus- 
trialism which means that crowds of 


manual and other workers are required — 


at a few given points. Well organised 
and adequate transport alone can over- 
come overcrowding in the towns and in- 
dustrial areas, and the uprooting of the 
country population. When the develop- 


ment of the large centres cannot be 


spread out, ices is an acute housing 
problem. 

In view of the adn deeable influence 
of transport on the live of a large num- 
ber of citizens, the Higher School of 
Commerce of St. Gall has introduced two 
new subjects into its 
courses, one dealing with the question 
of transport, and the other the policy 
of the Cantons and Communes. 
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The book is completed by two rep 
one dealing with motor transport, 
the other with tramways ane omnibus “ 
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lines depending thereon. | ¥ oe 
The ideas developed in these reports 
which are full of remarkable facts and. , ar 
statistical data should be studied by all 
those interested in the organisation of 
transport, whether as an operator, or 
administrative official of the public authorities, or be yA 

cause of an interest in social questions. 
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The Editor of the review « France- 
Transports » published in 1939 a book 
called « Code of rail and road transport 
co-ordination ». 
Railway Congress Association, Novem- 
ber 1939.) As its title indicates this 
volume dealt with administrative orders 


relating to the co-ordination of trans-— 


port. The texts given and commented 
upon related to the economic and com- 
mercial aspects of the question. These 
were a step forward in the way of or- 
ganisation. 
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tions. This is preceeded by. all the re- 
gulations’ concerning vehicles. The 
third part is devoted to the very com- 
plicated question of assurance, and con- 
tains much valuable information and 
useful advice. The texts are arranged 
for easy reading, and the practical ar- 
rangement of the book makes it simple 
to find what one is looking for. 


Doubtless the regulations may be re- 
vised in time, but it may be considered 
that the present code will remain the 
basis, as the solid principles from which 
the various regulations in force derive 
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will not require any important altera- 
tions for a long time. 

Though this book has no immediate 
connection with the operation of rail- 
ways, it will be of interest to Companies 
who own road vehicles or operate road 
services. 

It will also be extremely useful to the 
general public. Though the regulations 
under consideration apply to France, the 
book contains a great deal of information 
which is of documentary value and can 
be used as a basis of comparison. 
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List of the frontier points open to international traffic in such. traffic relations as are 
subjected to the International conventions concerning the transport of goods by rail 
(CIM). — Situation as on July ist, 1947. — A brochure (11*/.” x 87/3”) of 50 pages. — 
Published by the CENTRAL OFFICE FOR INTERNATIONAL TRANSPORT BY RAIL, 


Eerne. (Price: 1 Swiss Franc.) 


This list has been compiled in com- 
pliance with a wish expressed by a Rail- 
way conference held at Lugano from the 
24th to the 26th April 1947. It enumer- 
ates, in so far as the necessary informa- 
tion was, available, from the Railway 
Administrations concerned, the frontier 
points which were open to international 
traffic in such traffic relations as were 
subjected to a regulation, on July Ist, 
1947, 

These traffic relations have been ar- 
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District engineer of the 
Member, Track Standards Committee. — Railway Points and Crossings. 


ranged in the French alphabetical order 
of the countries. An index « Relations 
de trafic » enumerates these relations in 
both directions. The list is in French 
but the foreword is written in French, 
English, German and Italian. | 

If need be, the list will be brought up 
to date by supplements which will even- 
tually be inserted in the Bulletin des 
Transports internationaux par chemins 
de fer, published by the Central Office. 


Bengal-Nagpur Railway, 
Theory and 


Second edition completely revised. — One volume (5’*/s & 77/2 in.) of 


436 pages with 256 figures, 25 tables and 8 plates. — 1944, Calcutta, Thacker, Spink 
& Co. Ltd., 3, Esplanade East, and London, W. Thacker & Co., 34-40, Ludgate Hill. 


(Price: 12 Rp.) 


Special track equipment is of the 
greatest interest to railway engineers. 
Upon its geometrical layout and con- 
struction depends the cost of mainte- 
nance and renewal, as well as the safety 
of the traffic, quite apart from the safety 


equipment properly so called, with 
which we are not concerned in this 
case. As is also well known an increase 
in the speed at which points can be run 
through involves the realisation of spe- 
cial conditions. 
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There is a considerable amoun 
_ technical literature devoted t ii 
tion. This makes it clear tha ie: 
gulations and specifications adopted by 
fee different railways may differ ap- 
preciably according to what aspect is 
considered to be the most important. 
Several reports prepared for discussion 
at the 13th Congress of the International 
Railway Congress Association (Paris, 
June 1937) dealt with the special ar- 
rangement of points run through at 
speed. 


Without detracting from the value of 


existing works, the author points out 


with reason that there are none which 


will meet at one and the same time the 
requirements of the designer, the maker, 
the engineer and the permanent way 
inspector. According to the problem to 
be solved or the work to be carried out, 
they have to refer to several ainte tent 
sources. 

The author’s object in writing the 
present volume has been to give a com- 
plete report which will make reference 
to other works unnecessary. We think 
he has succeeded in his aim, as the 


whole subject is covered from theoreti- 


cal data to the most diverse applications. 
All the geometrical and trigonometri- 


cal principles which are indispensible. 


for making abstract calculations and 
carrying out work on the site are given 
in two chapters. 

Three chapters are devoted to the con- 
stitution and construction of points and 
crossings. The seventh chapter deals 
with the geometrical layout of crossings, 
and the next two chapters with the use 
of crossings, covering every possible 
ease. Further applications are then 
studied : connections between parallel 
lines, connections between’ non-parallel 
lines, then crossings, and_ slip-points, 
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England, France, Germany, Belgium 
the United States of America. 
In the appropriate places details ares Os" 
given about the site, the composition of.oe 
steel used for rails and the sections of 
rails used, together with their mechan- 
ical properties. 


The final pages give araentecl tables” 
which are all of practical use, together — 
with typical layouts of crossings con- 
forming to the Indian Railway Standard _ 
Designs: 

Although the book has been written to. 
suit the circumstances obtaining in In- 
dia and certain British Dominions, its ‘ 
usefulness is not limited to these coun- 


to all gauges of permanent way, and can ty 
be used no matter what units of mea- 
surement are adopted. There is no a 

doubt but that both the theorist 
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on this extensive oie ee 4 nae ee co 
covered from every aspect. fi 
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